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THE EFFECT OF CHARGE SIZE ON 
REFLECTION RECORDS* 


JOSEPH A. SHARPE 


ABSTRACT 


Examples are presented showing the effect of charge size on: the ratio of the am- 
plitude of reflected motion to that of surface waves; the ratio of the amplitude of re- 
flected motion to that of random interference; the frequency spectrum of reflected 
motion. The similarity between these observations and the effects of changing depth 
of shooting are discussed. It is concluded that the use of a larger or a smaller charge in 
a particular circumstance may be the means of effecting a useful improvement in a 
record. 


INTRODUCTION 


A seismograph operator has a number of parameters which are at 
his disposal in varying degrees, by means of which he can influence the 
quality and character of reflection records. These parameters are the 
size of charge and the depth of shooting; the surface material where 
the spread is located; the direction of the spread; the displacement 
between the shot-point and the first seismometer; the interval be- 
tween seismometers and seismometer groups; the number of seismom- 
eters per recorded trace and the degree of sharing of energy between 
adjacent traces (overlap); and the overall frequency response of the 
recording system. 

In day-by-day operations, however, and particularly in continuous 
correlation shooting, the variables conveniently controllable are lim- 
ited to charge size, depth of shooting, degree of overlap, and frequency 
response. 

While charge size is by no means the most important of the pa- 
rameters influencing the quality and character of reflection records, it 


* Presented at the Twelfth Annual meeting, Denver, April 1942. 

+ Stanolind Oil and Gas Company, Tulsa, Oklahoma. 

1 Roland F. Beers, Resolution control in seismic surveys, GEopuysics, Vol. VI, No. 
I, pp. 52-63 (1941), discusses the use of changes in shooting depth to control the ‘“‘dura- 
tion” of the seismic impulse. 
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can be an effective one—a fact probably better appreciated in earlier 
days, before the nearly universal employment of automatic volume 
controls and continuous correlation spreads established the practice 
of firing one to three large shots at a single depth and moving on to the 
next shot hole. 

In the Fall of 1938, when spot correlation shooting still was em- 
ployed more frequently than continuous correlation shooting, and the 
question of the influence of the various controllable factors on the 
character and quality of reflection records was a vital one, I started a 
collection of records of the effect of charge size. It was my hope that 
the inspection of a sufficient number of examples, taken under reasona- 
bly controlled conditions, might lead to some simple generalizations 
which could be utilized in field operations. 


INSTRUMENTS AND PROCEDURES USED IN 
OBTAINING RECORDS 


Special recordings of the effect of charge size were requested from 
only those parties having identical instruments. Thirty-eight sets of 
records were obtained from fourteen parties located in California, 
Southwest Texas, the Texas-Louisiana Gulf Coast, Central and North- 
ern Louisiana, and Southern Arkansas. The spreads used ranged from 
500’-500’ dip spreads to shorter split and single end correlation 
spreads. In all cases the nearest seismometer was relatively close to the 
shot-point. Twelve to eight traces were recorded, with three seismom- 
eters actively contributing to the end traces, and either three to each 
intervening trace, without overlap, or six to each of the intervening 
traces, and fifty per cent overlap between adjacent traces, except that 
there was no overlap into the end traces. A continuously variable 
manually operated volume control? was used, and a multiple discrimi- 
nation amplifier. The conditions of the recording were so set up that 
the level of signal at the primary of the input transformer varied by 
no more than 12 db, and the signal level at the filter and in the re- 
mainder of the amplifier was substantially constant, irrespective of the 
size of charge used. These precautions insured that there was abso- 
lutely no possibility of variations in frequency response or in harmonic 
distortion with changes in charge size. 

The special charge size recordings were made during the course of 
routine shooting, at typical shot points. At some time during the 
course of shooting a profile, but later than the first few shots, a record 


2 R. T. Cloud, U.S. Patent No. 2,193,620. 
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would be made with a charge somewhat smaller than that customarily 
used in the area. The next shot would be made at exactly the same depth 
with a charge five to ten times the size of the preceding one. This pro- 
cedure appeared generally successful in avoiding the effects of crushing 
and aeration of the shooting cavity which have been described by 
McCready,’ since in only one pair of the thirty-eight pairs of records 
analyzed was there an anomalous delay (of 4 milliseconds in the late 
reflections) of the large charge record with respect to the small charge 
record—and these were the third and second records of the profile, re- 
spectively. 


EXAMPLES OF EFFECT OF CHARGE SIZE 


All record-pairs were analyzed as to times of reflections, and then 
in great detail, trace by trace, as to differences in the character of the 
recordings made by the small and large charges. During the course of 
the analysis, certain general tendencies began to be recognized, and 
occasionally good examples of these tendencies were found. Some of 
these good examples are presented in the following illustrations. It 
should be emphasized that these illustrations are by no means typical, 
but represent the very best available examples of behavior which is 
more or less imperfectly developed in the majority of the record-pairs 
analyzed. 

Most of the examples are presented by means of tracings made 
from the pertinent portions of the original records. Tracings are used 
to secure improved clarity of reproduction. Compactness, which 
makes it possible to see the information offered by an illustration 
easily, is achieved by showing only two or three representative traces 
of each record, usually the first and last traces, or the first, middle, and 
last traces. In all cases the omitted traces are substantially identical 
in character to the ones reproduced. Reflections are marked in the 
usual manner on each illustration, and the time in milliseconds of at 
least one reflection is given. A horizontal line on each illustration gives 
the time scale, the length of this line corresponding to o.1 second. 

Fig. 1 isa tracing of the first and tenth traces of the record of a shot 
of 5 lbs. (upper pair), and of 1 lb., made at 36 feet depth, in South 
Central Louisiana. The seismometer groups producing the first and 
tenth traces were about 1000 feet apart, on opposite sides of the shot- 


3H. J. McCready, Shot hole characteristics in reflection seismology, GEOPHYSICS, 
Vol. V, No. 4, pps. 373-381 (1940)—Note that some of my observations disagree with 
McCready’s discussion of the effect of charge size on “resonance,” and “roll,” p. 378. 
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point. It is to be noted that the small charge record carries a high am- 
plitude of 12 cps surface wave (ground roll) which is absent in the large 
charge record. . 

Fig. 2 is a tracing of the first, fifth, and tenth traces of the record of 
a shot of 1} lbs. (upper three), and of § lb., made at 35 feet depth, in 
Southern Arkansas. The seismometer groups producing the traces 
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10 








/ 10 
1 \ i 


Fic. 1. Illustrating surface wave (ground roll) interference accompanying small 
charge recording. Upper pair of traces made by 5 lbs., lower pair by 1 lb. Depth of 
shooting 36 feet. Horizontal line is distance of recording paper travel in 0.1 second. 


shown were at 100 feet, 215 feet, and 330 feet from the shot-point, re- 
spectively. It is to be noted that the small charge record carries severe 
random interference of a frequency of 25-35 cps, whereas this inter- 
ference is absent on the large charge record, with the reflections, of 
predominant frequency 55-70 cps, recording clearly. 

Fig. 3 is a reproduction of the record made by a shot of 5 lbs. (up- 
per portion), and of 1 lb., made at 35 feet depth, in South Central 
Louisiana. The spread was a 500-500 foot split, with the nearest 
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seismometer groups 100 feet from the shot-point. It is to be noted 
that the small charge record displays severe random interference of 
a frequency not much lower than that of the predominant frequency 


of the reflections. 
Fig. 4 is a tracing of the first, fourth, and eighth traces of the rec- 


ord of a shot of 23 lbs. (upper three), and of } lb., made at 80 feet 
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10 


Fic. 2. Illustration of random interference, with a frequency lower than that of 
reflection predominant frequency, which is sometimes associated with small charges. 
Upper three traces made by 1} lb., lower three by § lb. Depth of shooting 35 feet. 


depth, in Northern Louisiana. The first and eighth traces were made 
by seismometer groups 576 feet apart, on opposite sides of the shot- 
point. The fourth trace was made by a seismometer group 150 feet 
from the shot-point, on the same side as the group which made the 
first trace. It is to be noted that although the predominant frequency 
of the reflection is the same for both the small and large charge 
records, the small charge record is distinctly richer in high frequency 
components, making it possible to pick an impetus, or, initiation 
(marked with a small circle), ahead of the conventional trough pick. 
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Fic. 3. Illustrating random interference at approximately reflection predominant 
frequency which sometimes accompanies small charge recording. Upper record made 
by 5 lbs., lower record by 1 Ib. Depth of shooting 35 feet. 
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This impetus is not observable on the large charge record except for a 
faint indication on the eighth trace. 

Fig. 5 is a tracing of the first, fifth, and tenth traces of a record of 
a shot of 14 lbs. (upper three), and of } lb., made at 25 feet depth, in 
Southern Arkansas. The seismometer groups producing the traces 
shown were at 100 feet, 215 feet, and 330 feet from the shot-point, 


425 TRACE 





Fic. 4. Illustrating the additional high frequency content in reflected motion which 
sometimes results from the use of small charges, making it possible to make an initiation 
pick (marked with circles). Upper three traces made by 23 lbs., lower three by } lb. 
Depth of shooting 80 feet. , 


respectively. It is to be noted that the small charge record is dis- 
tinctly richer in high frequency components, making an earlier pick 
possible, and that on the large charge record the predominant fre- 
quency of the first reflection is substantially lower than that of its 
small charge counterpart; that of the second reflection is moderately 
lower; and that of the third reflection is negligibly lower. 

Fig. 6 is a tracing of the first, third, and fifth traces of a record of 
a shot of 5 lbs. (upper three), and of 1 lb., made at 35 feet depth, in 
South Central Louisiana. The seismometer groups producing the traces 
shown are at about 500, 300, and 100 feet from the shot-point, respec- 
tively. It is to be noted that although the predominant frequency of 
the reflections, which is about 45 cps on the small charge record, might 
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be said to remain substantially unchanged on the large charge record, 
reflected motion of a frequency of about half this appears on the large 
charge record between the reflection picks. 

Fig. 7 is a reproduction of the record made by a shot of 13 lbs., 
(upper portion) and of } lb., at a depth of 15 feet, in Southern Arkan- 
sas. The spread was a 100-330 foot single ender. Improved resolution 
of reflections is to be noted in the small charge record, and a substan- 


733 1082 TRACE 





Fic. 5. Illustrating the additional high frequency content in reflected motion and 
a difference in reflection predominant frequency which sometimes results from the use 
of small charges, yielding improved emphasis to the arrival of new reflections. Upper 
three traces made by 1} lbs., lower three by 3 lb. Depth of shooting 25 feet. 


tial difference in the predominant frequency of the reflections, which 
is about 45 cps for the large charge, and 60 cps for the small charge. 


DISCUSSION 


From analysis of thirty-eight record pairs assembled to demon- 
strate the effect of charge size on the quality and character of reflection 
records, it can be stated that the following phenomena may result, 
singly or in combination, when the charge size is changed by a factor 
of five or more, other conditions remaining constant: 

1. The differences between the small charge record and the large 
charge record may be negligible. This is frequently the case. 
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2. The large charge may produce a higher ratio of reflected energy 
to very low frequency (10-20 cps) surface wave (ground roll) inter- 
ference than the small charge (Fig. 1). 

3. The large charge may produce a higher ratio of reflected energy 
to low frequency (20-50 cps) random interference than the small 


1462 TRACE 














\ a 
Fic. 6. Illustrating the emergence of new, low frequency components of a reflection 


group which may sometimes be associated with the use of a large charge. Upper three 
traces made by 5 lbs., lower three by 1 lb. Depth of shooting 35 feet. 


charge (Figs. 2, 3). This is a comparatively common phenomenon 
which constitutes a serious objection to the routine, uncritical use of 
small charges. 

4. The record made by the'small charge may be richer in high fre- 
quencies (75-150 cps) than that made by the large charge, without 
substantial change in the predominant frequencies of the reflections. 
(Figs. 4, 5). This is a valuable characteristic of the behavior of small 
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Fic. 7. Illustrating a change in reflection predominant frequency, and an improve- 
ment in the resolution of reflections, which may be observed when a small charge is 
used. Upper record made by 1} lbs., lower record by § lb. Depth of shooting 15 feet. 
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charges, since it sometimes will be effective in improving the resolution 
of reflections and the picking accuracy, and in breaking down a fea- 
tureless sinusoidal wave train into its component reflections. 

5. The large charge may produce reflections of a substantially 
lower predominant frequency than the small charge (Figs. 6, 7). This 
may be only another way of stating (4). 

The above observations are similar to those which result when the 
depth of shooting is varied, although I do not mean to imply that there 
is any common connection between them. For example, the use of a 
small charge may increase the ratio of low frequency surface wave to 
reflected motion, just as the firing of a shot within the low velocity 
zone does. The change of charge size by a sufficient ratio may change 
the ratio of random interference to reflected motion, just as the varia- 
tion of shooting depth almost always does in areas where interference 
is severe. The change of charge size may change the frequency content 
of the reflected motion, a smaller charge tending to produce a record 
richer in higher frequency components, just as a change of shooting 
depth may change the frequency content, deeper shooting generally, 
but not always, tending to increase the high frequency content of a 
record. There is this difference between these two means of changing 
the quality and character of reflection records, however: the changes 
with shooting depth are much more likely to occur, and are likely to 
involve changes in character with an appearance of the sort described 
as due to “time delay distortion” in filter theory,whereas this sort of 
change does not seem to occur as a result of changing charge size; 
furthermore, changes in quality and character resulting from change 
of charge size seem to be more predictable, and hence more control- 
lable, than changes as a result of changing depth of shooting. 

Not enough information exists to justify an attempt to explain the 
observations of the effect of charge size which have been listed. The 
effect of a larger charge in producing a reflection spectrum of lower 
predominant frequency is possibly adequately accounted for by the 
theory of the generation of elastic waves by pressure in a spherical 
cavity, and the concept of the equivalent cavity,* but I can offer no 
hypothesis for the observed effect of charge size on the ratio of the 
amplitudes of reflected motions to those of surface waves and random 
interfering motions. 


4 Joseph A. Sharpe. Production of elastic waves by explosion pressures. I. Theory and 
empirical field observations. GEOpuysics, Vol. VII, No. 3, pps. 144-154 (1942). 
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CONCLUSION 


This study has indicated that large and small charges (granting 
that the small charge is sufficient to provide reflected energy to the 
maximum time of interest) are quite definitely not always of equal 
utility; has exhibited some of the differences in the effects of large and 
small charges which have been observed; and has attempted to gen- 
eralize the description of these differences in order that the knowledge 
of their characteristics may be utilized in field procedure. It is obvious 
that care and judgment on the part of the observer, based on an 
examination of the appearance of the records as they are shot, must 
be exercised in the selection of charge size—since the use of a larger 
or a smaller charge in a particular circumstance may be the means of 
effecting a useful improvement in an entire record, or of improving the 
resolution and correlatability of a specific reflection group. 
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GEOPHYSICAL EXPLORATION IN POLAND* 


S. M. WIR 


With reference to the paper by Dr. Mitera on the “Present Status 
and Future Aspects of Geophysical Exploration in Poland”! and to 
that of Dr. Heiland “Notes on Reflections from Steeply Dipping 
Beds,’” printed in GEopuysics, I would like to add further details 
concerned mainly with seismic prospecting carried out in Poland in 
the years 1934-1937, and to give some description of the work of the 
period from 1937-1939, i.e., to the outbreak of the present war. 

The history of geophysical exploration in Poland may be divided 
into four periods: 

1. The first, from 1923 to 1930, during which geophysical prospect- 
ing was carried out largely by foreign companies on behalf of private 
Polish interests. 

2. The second period from 1931 to 1933 during which: refraction 
and torsion balance surveys were made by the Geophysical Depart- 
ment of the (Polish) Geological Survey; magnetic measurements were 
made by the Institute of Geophysics and Meteorology at the Univer- 
sity of Lwéw; pendulum observations were made by the Bureau of 
Weights and Measures of the Department of Commerce and Industry; 
all in cooperation with the Pionier Exploration Company of Lwéw. 
The primary purpose was exploration of the Carpathian foreland. 
(Fig. 1.) 

3. The third period from 1934 to 1937 was one of extensive geo- 
physical exploration carried out for the most part by the Pionier In- 
stitute of Applied Geophysics; seismic reflection surveys were supple- 
mented by magnetometer and torsion balance work. Some electrical 
resistivity and self-potential work was also done by the Pionier In- 
stitute and the Sundberg Company did a certain amount of electro- 
magnetic exploration. By the end of this period the Geological Survey 
had carried its magnetic and gravimetric surveys outside the Car- 
pathian foreland area. 

4. The last period before the war, from 1938-1939, was marked 
by: (a) decreased geophysical exploration by the Pionier Institute in 


* Manuscript received December 20, 1943. 

1 Z. Mitera. Present Status and Future Aspects of Geophysical Exploration in Poland. 
Geopuysics, Vol. III, No. 3, p. 225, 1938. 

2 C. A. Heiland. Notes on Reflections from Steeply Dipping Beds. Geopuysics, Vol. 


I, No. 2, p. 257 (1936). 
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favor of increased drilling activity; (b) completion of its extensive 
magnetic and gravimetric exploration by the Geophysical Department 
of the Geological Survey; and (c) widespread seismic surveys by the 
Geotechnical Exploration Company, Ltd., which also undertook 
some electric and magnetic surveys. 

A detailed description of the first three periods has been given in 
Mitera’s papers.!* I would like to present further details of the seismic 
activities of the third period and to give an account of the work of the 
last period. 

SEISMIC EXPLORATION 1934-1937 

In this period seismic prospecting was carried out exclusively by 
the Pionier Exploration Company and its wholly owned subsidiary, 
The Pionier Institute of Applied Geophysics.* 

The Pionier Company did not confine its activities to geophysical 
exploration.4 By 1937, considerable surface geological surveying had 
been done, amounting to 15350 sq. km. in the foreland area and 7210 
sq. km. in the Carpathians proper. Between 1929 and 1937 ten deep 
wells (500 to 2274 m.) were drilled for a total of 12,093 m. Six of these 
tests were in the Carpathians, four in the foreland. Over a hundred 
shallow tests were drilled in the foreland areas in 1934-1937, amount- 
ing to more than 13000 drilled meters. Petrographic and micropaleon- 
tological analyses, soil and gas analyses for bitumen, and salt water 
analyses were made on samples from all the wells. 

The following table shows the amount of geophysical work per- 
formed in the period from 1929 to 1933 (on behalf of the Pionier Com- 
pany), and in the period from 1934 to 1937 by the Pionier Institute, 
in the foreland area. 

The geological description of the explored area is fairly well given 
in Dr. Heiland’s paper.? The three recognized zones (Fig. 1) are: 
(1) the Podolian Plateau of Cretaceous age, plunging under, (2) the 
foreland area filled with Miocene sediments, which in their turn sub- 
merge in the South beneath, (3) the Carpathian mountain range of 

1 Loc. cit. 


3Z. Mitera. Studies on Seismic Methods of Prospecting and their A pplication in 
Exploration for Oil in Poland. Report given at Congress Mondial du Petrole in Paris, 
1937. 

* Organized in 1934 by the parent company to make seismic, torsion balance, mag- 
netic, and electrical surveys. 

4P. Wrangiel. Activity of the Pionier Exploration Company in Years 1928-1937 (in 
Polish). Polish Oil Industry (Przemyst Naftowy). 1938. 

2 Loc. cit. 
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TABLE I 
GEOPHYSICAL WorK BY PIONIER, 1929-37, IN THE CARPATHIAN FORELAND AREA. 
; 1929-1933 1934-1937 
Magnetic 
area in sq. km. 3,280 7,400+157 (km of profiles 
number of stations 2,900 4, 884+ 300 (?) km of profiles 
Pendulum 
area in sq. km. _— approx. 17,000 
number of stations 12 105 
Seismic 
area in sq. km. refraction reflection 
500+170 19,936 
km of profiles 
number of shotpoints 483 1,928 
number of shots 1,504 (?) 19,862 


Mesozoic and Tertiary age; Areas 2 and 3 formed the locale of the 
geological and geophysical exploration of the Pionier Company. 

Geophysical prospecting was carried out mainly in the foreland 
area, of which the least was known. This zone may be divided into 
three belts: (a) the northern belt adjacent to the outcropping Podo- 
lian Plateau which embraces the rich Daszawa and Opary gas fields. 
The northern part is fairly horizontal with a slightly faulted basement, 
with light folding and a greater degree of faulting towards the south. 
It is composed of the Tortonian sediments, a monotonous series of 
plastic clays, marls and gravels, which plunge beneath, (b) the medium 
belt (called also the “‘anticlinorium’’) formed of more or less folded 
rocks of Helvetian age with large potassium deposits (Kalusz, Holyn, 
Stebnik). These folds are intensified towards the south and form 
(c) the southern belt of the foreland area, composed of older salt forma- 
tions of Burdigalian age, extensively folded, some of the folds having 
diapiric or semidiapiric forms. This part is immediately adjacent to 
the Carpathian mountain range. 

It is convenient to outline the methods and problems of seismic ex- 
ploration in the Carpathians and each of the three foreland areas sepa- 
rately since the seismic problems were closely related to the geological 
divisions. 

1. Seismic exploration of the northern foreland belt was on a recon- 
naissance scale. It covered the area from Koséw (Fig. 1) on the East 
near the Roumanian Border, to Tarnow on the West, 70 miles east 
of Krakéw, along a belt 270 miles in length, the width of which varied 
from 20 to 40 miles. The area covered by the reconnaissance reflection 
survey amounted to about 20,000 sq. km. (approximately 7,800 sq. 
miles). The main purpose of this survey was the location and mapping 
of the basal gypsum beds by correlation methods. It involved two 
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related problems: the location of the subsurface outcrops of these beds 
and thus the determination of the northern boundaries of the foreland; 
and the location of the southern contact with the second belt of the 
foreland. The first problem was attacked by means of refraction pros- 
pecting; however, shallow reflections from depths as little as 180 
meters were also observed. The second problem, involving the observa- 
tion of the gradual disappearance of correlations and of the gentle dip- 
ping of the latter under the rocks of the second belt, was executed by 
continous profiling across the line of contact. 

Some parts of this northern belt such as the Daszawa gas-field area, 
the region north of Stryj to Mikolajéw, the Wownia area, the Ko- 
marno-Rudki region, the region between Jaroslaw and Przeworsk, and 
the Koséw area in the southeastern end of Poland were explored in 
greater detail. These areas, totalling about 2000 sq. km. (780 sq. 
miles), were surveyed by correlation shooting and continuous profiling. 


2. In the folded belt (anticlinorium) several surveys were under- 
taken to outline existing structures. Those carried out in the region of 
Gaje Wyzne and Laka by dip shooting were the most important. Re- 
fraction prospecting was used in the Kalusz, Holyn and Lubience areas 
to trace the prolongation of the subsurface outcrops of salt and potas- 
sium layers, the richest in Eastern Poland. Refraction surveys were 
also made in the area of Medyka (near Przemysl) in connection with 
the older outcrops adjacent to the salt formations. : 


3. The problems in the southern belt of the foreland area were 
attacked by the dip-shooting method, and involved: a detailed reflec- 
tion survey in the Perehinsko and Niebylow areas in order to map the 
shallow and deep structures of known fields; dip-shooting in the vicin- 
ity of Truskawiec, where good reflections were obtained in the con- 
glomerates dipping steeply towards the Carpathians. 


4. Initial work in the Carpathians themselves showed an absence 
of correlatable reflections and that only dip-shooting might be suc- 
cessfully applied. There were not only shooting difficulties, but also 
many others connected with the detailing required to outline the exist- 
ing structures. Transport in that area also represented an important 
factor. Despite difficulties it was possible by means of continuous pro- 
filing to determine the general form of structures investigated. Some 
of the more important surveys were those carried out: (a) in the 
region of Tustanowice and Nahujowice;!? (b) in the area of Bitkéw?; 


1 Loc. cit. 2 Loc. cit. 3 Loc. cit. 
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(c) on the top of Or6w Mountain, in connection with the deep “Oréw” 
test well (T.D. 2274 m.), which a reflection survey carried out in 1934 
indicated would be dry; (d) in the Central Depression of the Car- 
pathians in the region of Sanok, N. Zagérz and Ustryzyki, partly by 
dip-shooting, partly by correlation of deep reflections with the help of 
well data. 

All seismic exploration during this period was performed by two 
field groups of the Pionier Company, each equipped with six-geophone 
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Fic. 2. Seismic reflection cross section along the Stryj-Mikolajéw road, crossing the 
foreland area almost at right angles to the borders of the Carpathians. The reflection on 
which the correlation is carried is from gypsum beds penetrated by Polmin “‘Uhersko 1” 


(Fig. 3). 


sets of American manufacture. In view of difficulties of transport in 
some areas explored the apparatus was carried on trailers, which in 
emergency could be drawn by horses. 

One of the most successful operations in the whole seismic explora- 
tion program during the period 1934 to 1937 was the location and 
mapping of the hard gypsum beds, which form the bedrock of a series 
of alternating clays, sandy marls and shales of Upper Miocene age. 
These beds, which were only 30 m. thick in the vicinity of Stryj, oc- 
curred at a depth of 500-2500 m. and gave rise to excellent reflections, 
which were used for correlation and mapping purposes over the entire 
northern belt of the foreland. 
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The first experimental work carried out in the region of the Das- 
zawa gas-field encouraged the company to extend its reflection work 
over the Stryj-Mikolajéw area. This was completely successful; the 
seismic prospecting was extended over nearly all the foreland area. 

Fig. 2 shows the seismic reflection cross section‘ along the Stryj- 
Mikolajéw road, which cross the foreland area almost at right angles 
to the borders of the Carpathians. The most outstanding reflection in 
this profile occurred at from 0.8 to 0.9 secs., and was later correlated 
with one obtained at the Uhersko well (Fig. 3) and identified as orig- 
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Fic. 3. NW-SE seismic reflection cross section, intersecting 
that shown on Fig. 2 near Uhersko. 


inating from gypsum beds occurring in the well at a depth of 1200 m. 
Besides this reflection, there were some of shallower origin (0.4-0.6 
sec.) which were not persistent. The gypsum correlation was character- 
ized by its occurrence in sharp, strong impulses after a dead interval. 
It was possible to observe it even when shooting from shallow (6’—12’) 
holes made with a hand auger. The surface beds along the line of 
shooting consisted of clay and river-gravels, and the first shot holes 
were driiled to a depth of 60’ into impervious marls under the water 
gravels. Shot-holes of this kind were prepared in advance, and as the 
gravels were sometimes extremely coarse, the drilling greatly increased 
the exploration costs. Experience showed, however, that shot-holes 
of this depth were rather unsuccessful. The explosive charge, being 


4S. Wyrobek. Seismic-Reflection Profile Siryj-Rozdot. (in siieniacilinieis Oil In- 
dustry (Przemyst Naftowy), Vol. IX, 1938. 
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placed under the gravel, produced strong vibration of the whole 
gravel bed, which interfered with the reflections. When a charge was 
placed in a shot-hole at the top of the gravels or at a depth equal to 
one-third of their thickness where they occurred at the surface (ap- 
proximately the ground water level), it not only failed to produce 
vibration of the water gravels, but the gravels themselves acted as a 
kind of filter forall secondary vibrations. This phenomenon was not, 
however, a general one, and occurred with water gravels in which the 
wave-speed was higher than 1500 m. sec. In other parts of the foreland, 
where the gravels were dry, or where the thickness of gravels did not 
exceed 6-9’ better results were obtained with charges placed under 
the gravels or beneath the top of the ground water level. 

The cross section of Fig. 2 was obtained using deep shot-holes 
‘(4-20) and shallow fill-in points (the remaining points). On the basis of 
seismic measurements made in the well ‘Premier I” at Wownia and 
“‘Polmin I” at Uhersko, the average velocity of the area was obtained 
and the exact depth of the gypsum marker bed which gave rise to the 
main correlation was calculated. The cross section shows the location 
of the gypsum beds from Rozdét (near Mikotaj6w) where they occur 
at a depth varying from 20 to 100 meters, to Dobrzany (near Stryj) 
where at a depth of 1250 meters they dip below the second belt of the 
foreland. 

This seismic profile can be divided into five zones as follows: 

1. The north border zone. The marker bed, being near the surface 
(20-100 m), was easily located by the refraction method (wave speed 
of 5000 m/sec.). This zone forms the southern area of the Podolian 
Plateau. 

2. The faulted zone, two-and-a-half miles wide. The gypsum cor- 
relation good but not continuous. Near the middle, the horizon attains 
its greatest depth, of 1300 m., forming a tectonic ditch, which was 
observed along the whole northern boundary of the foreland area. 

3. The middle zone, which is here 7} miles wide. The gypsum cor- 
relation is very good and present on every profile. The marker bed 
seems to be well consolidated. 

4. The Wownia zone (two miles wide). Character of gypsum cor- 
relation not good and faults evident from the dip. Reflections were bet- 
ter on profiles shot along strike. The marker bed is about 150 m. higher 
than in the adjacent zones, and dips to the north. 

5. The south border zone, about two miles wide, with good character 
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in the gypsum correlation. To the south the character deteriorates and 
deeper reflections improve. The noticeable disappearance of the main 
correlation begins at point N 931 which is also the northern limit of 
the overthrust salt formation (medium belt of the foreland) where 
shallow reflections dip steeply towards the south. 

The deep reflections, which occurred more or less distinctly 
throughout the area, were rather helpful in correlation across faults. 
The better developed they were, the less distinct was the main cor- 
relation. The first reflection after the gypsum correlation occurred 
150-200 m. below, and the second 400-500 m. below. They also proved 
useful in the location of the boundary between the northern belt and 
the medium one, which is important from the view point of gas ex- 
ploration; there was an hypothesis advanced that the accumulation of 
hydrocarbons is associated with the Tortonian sediments at the con- 
tact with the over-thrusting salt formation on the south. This hypoth- 
esis has been proved by drilling in two instances, namely in Konigsau 
and Opary; in the latter the second great gas field in Eastern Poland 
was discovered. 

Further south in the town of Stryj itself, good reflections were ob- 
tained from the approximate depth of 2700 m. It was not possible to 
correlate these reflections with those appearing on profiles to the 
north. 

The average velocities obtained at the two test wells formed the 
basis for computing depths at distances up to 200 km from the test 
wells. These velocities were, nevertheless, controlled and verified by 
long continuous profiles, by long refraction profiles, and by normal 
weathering zone determinations. 

The region up to the Dniestr river in the northwest and to the 
towns of Zydaczéw and Zurawno in the southeast was mapped by the 
correlation method, the separate shot-points being spread in a net- 
work with a spacing of one km. 

The region north of the Dniestr river in the direction of Grdédek, 
Rudki Mosciska, Przemyst and the region of Jaroslaw, Przeworsk, 
Rzeszéw up to Tarndéw, was first covered with lines which ran from 
SW to NE or from S to N along the principal highways, each of them 
being 10 to 20 km apart. Shooting was started in the middle of each 
line, i.e., in the part where the correlations were supposed to be best 
developed. The shooting proceeded in a northerly direction with shot 
points spaced at a distance of 3-4 km. from each other, until the marker 
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bed neared the surface. The sub-outcrops were then determined, usu- 
ally by the refraction method. The prospecting then proceeded south- 
ward in the same way from the starting point until the correlations 
disappeared, when several new shallow reflections were picked up, 
most of them dipping southward. The area between these individual 
reconnaissance profiles being filled with a net of shot points 3-4 km. 
apart, there resulted a general contour map of the investigated region. 
Due to the varying character of the weathered zone different spreads 
were used. In conformance with the amount of ground roll present 
smaller or larger displacements of the geophones and longer or shorter 
spreads were used, the most convenient having been from 200-400 m. 
In insensitive areas, charges were placed in deeper holes (average 20 
feet). In the case of shooting in the region of the Dniestr moors and 
muds, the geophones were placed on top of long wooden poles, which 
were driven through the mud and peat beds to the underlying con- 
solidated marls. 

The results of these seismic reconnaissance surveys carried out al- 
most unceasingly from 1934 to 1937, supplemented by detailed seis- 
mic prospecting in the more interesting areas, gave, as previously 
mentioned, a contour map of the marker bed (gypsum, anhydrite and 
limestone of Cretaceous age) throughout most of the area of the fore- 
land. In conjunction with the result of magnetic surveys, it formed 
the basis of the future geological and drilling program of the Pionier 
Company. 

Some of the detail surveys deserve special mention. The survey 
carried out in the Daszawa area in its first stage (1934) revealed a zone 
of very clear, shallow reflections (0.4-0.5 sec.) which could be identi- 
fied with the first gas horizons composed of sand and gravel beds of 
local importance, in addition to the gypsum correlation. This zone of 
Daszawa contains the main gas field, around which the shallow reflec- 
tions either disappear or are not continuous. The gypsum bed giving 
rise to the main correlation seems to be better consolidated or less in- 
fluenced by the shallow beds in the north part of Daszawa than in the 
south, where it begins to be affected by the salt formations. Generally 
speaking, the seismic interpretation of the Daszawa area encountered 
many difficulties because of the variable character of the deeper re- 
flections, which sometimes rendered the normal correlation impossible. 

In 1939, the southern and eastern parts of Daszawa were investi- 
gated by the Geotechnika Company using a twelve-geophone set. This 
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apparatus permitted more accurate continuous profiling and several 
new gas structures were found, solving problems which before seemed 
very difficult of resolution by seismic methods. 

Detailed seismic prospecting in the Wownia area, located a rather 
marked horst of the gypsum horizon (apparent in section in Fig. 2) 
and its exact shape, depth and extension were determined, the latter 
being of great value in connection with the location of sites for the 
drilling of shallow wells in the Opary area. 

Another detailed survey was made in the regon of Koséw (near the 
Roumanian border) where the medium belt is very narrow and the 
Carpathians are almost in contact with the northern belt of the fore- 
land. The result of this survey is shown in Fig. 4. A time contour map 
was prepared from the time cross sections. The survey, carried out by 
continuous profiling and correlation was, however, not as simple as in 
other parts of the foreland where good deep reflections were obtained 
with the second or third shot. The average number of shots employed 
in one shot-hole amounted to nineteen in the Kos6éw area. This figure 
gives evidence of the difficulties in obtaining good reflections, which 
forced the observer to change the direction of shooting and repeat the 
shots. Locally the correlation was based upon the existence of a pair 
of impulses characterizing the marker horizon reflection, the second 
usually occurring 0.1 to 0.15 sec. after the first. 

The plan (Fig. 4) shows four lines of shooting I, II, III, and IV, 
with averaged reflection times plotted at each shot point. The travel 
times were reduced to a datum 300 m. above sea level. The latter pro- 
cedure was adopted in order to eliminate the influence of the rugged 
and hilly topography which controlled the different weathering zones. 
On the strength of this survey the well Hucul (in the northwestern cor- 
ner of Fig. 4) was drilled, and in 1937 reached the anhydrite and salt 
beds at a depth of 1430 m. At the beginning of the survey, the average 
velocity was calculated from a continuous profile shot at point 4, using 
the least square method. It differed by only 2% from a velocity deter- 
mination at the Hucul well in which the charge was placed at a depth 
of 1430 m. (the well was undergoing reconditioning). 

In all three figures given in this paper the character of the gypsum 
reflections is marked by I, II, and III, where No. I indicates that there 
were traces of reflections with indefinite initiation, No. II indicates re- 
flections of distinct amplitude but with semi-definite initiation, No. III 
designates reflections whose initiation is definite and amplitude strong. 
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SEISMIC EXPLORATION IN 1938 AND 1939 
As was mentioned earlier, after 1937 most of the seismic explora- 
tion was'carried‘out by the Geotechnika Exploration Company on be- 
half of various Polish oil and |salt companies as well as for the Geo- 
logical Survey of Warsaw. The Pionier Company did some additional 
exploration but confined its energies largely to a driiling program in 
areas previously explored by geophysical means. 





























Fic. 4. Time contour map from the region of Kos6éw, near the Roumanian border, 
based on shooting along the lines I, II, ITI, IV. 


The various geophysical problems presented Geotechnika by the 
oil and salt companies required very detailed prospecting. During its 
short term of activity from April 1938 to September 1939, Geotech- 
nika carried out a series of seismic surveys using both refraction and 
reflection methods. The latter involved correlation, continuous profil- 
ing, or dip-shooting with continuous control, depending on the nature 
of the problem. The areas explored included the Carpathians, the 
Carpathian foreland, and parts of northwestern and central Poland. 

The recording instruments were American made and included 12 
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geophones with provision for sharing energy between adjacent traces, 
i.e., “overlapping.” They were mounted on a Ford V8 truck adapted 
to overcome all transport difficulties which might be encountered. Due 
to secrecy and lack of time only two short reports of the work of this 
period were published in Polish oil journals. (Bulletin of the Geologi- 
cal Survey and Bulletins of the Carpathian Petroleum Institute.) 

The most important projects in the Carpathians and the foreland 
area were the following: 

1. Detailed location of the suboutcrops of the potassium-salt layers 
in the Kalusz and Holyn area, involving the determination of subsur- 
face structure. The suboutcrops were located by refraction methods 
with excellent results. Profiles were shot in both the forward and re- 
verse directions, using either a 550 m. or 1100 m. spread length. In- 
dividual charges did not exceed five pounds in weight. 

The structure of the area was determined in part by refraction and 
in part by dip-shooting methods. Structure of the bedrock was deter- 
mined by continuous profiling or correlation of the deep reflections. 
Results were verified by shallow drilling following the seismic survey 
and the refraction surveys proved to be very satisfactory. 

2. Refraction surveys across the Bochnia salt mine in a north- 
south direction carried out along two parallel lines, each fifteen miles 
in length. These indicated the probable existence of another salt 
anticline. These surveys had for their objective the delimitation of the 
shallow structures encountered in the belt of the foreland adjacent 
to the Carpathians. Profiles were shot forward and reverse with spread 
lengths of 1100 m. 

3. In a similar manner salt uplifts were located in south central 
Poland, immediately adjacent to the mountain range, from under 
which they emerge as irregular masses rising to the surface. Short re- 
fraction profiles were shot, moving the shot points away from a fixed 
spread until a high velocity wave was recorded. The top of the irregu- 
lar masses of high wave-velocity were successfully mapped by this 
means. | 

4. In the San Vistula triangle a detailed reflection survey revealed 
interesting deep structures of the gypsum-limestone beds. The area 
had been previously surveyed by the reflection method in 1936 and 
was successfully re-surveyed by a detailed correlation method, using 
two or four crossing geophone spreads shot from one point in the mid- 
dle. The calculated true dip showed the presence of flexures and folds 
with steep dip instead of the previously assumed faults. Shot-holes 
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were usually dug with a hand auger in the partly water bearing alluvial 
sands and were not cased. Experiments with shots fired 2—3 feet above 
the surface of ground at times proved more successful than those shot 
from 5-7 feet below the surface! 

5. A detailed reflection survey was made in the region of the Dasz- 
awa gas-field and in its prolongation to the southeast. At Daszawa 
the deep reflections proved to be better than those obtained previously 
using the six-geophone set. Good deep reflections were obtained which 
could be correlated over much of the southern area. The southern part 
of Daszawa itself forms the third terrace of the river Stryj and is 
covered with a thick mantle of dry unconsolidated clay which together 
with the underlying dry gravels rendered earlier seismic prospecting 
almost impossible. This time, however, due to the higher sensitivity 
of the instruments and better attenuation against the low frequencies, 
good deep reflections were obtained with charges one half or even one 
third those previously employed. The shots were placed in the clay 
or on top of the underlying gravels in 50 foot holes. It was possible to 
carry three continuous profiles to the extreme southeastern part of 
the area. 

6. A very successful continuous dip survey was carried out in the 
Bitkéw area. Reflections were obtained from both shallow and deep 
strata of Oligocene age yielding a cross section which gave a clear pic- 
ture of the subsurface structure. The reflections, though good, were 
not continuous. The energy depended very much on the dip of strata, 
which varied from 2° to 25° in two miles. The surface vibrations and 
subsurface secondary vibrations, which made the investigation impos- 
sible in previous years, were suppressed by the use of overlap. Overlap 
was found particularly helpful in the Carpathian region. 

7. Interference and ground roll are also serious in the Boryslaw- 
Tustanowice area, where the deep Boryslaw Fold was investigated in 
1934 and 1935.” It was clear from the earlier survey that the probably 
cracked frontal portion of the overthrust fold with its rapidly changing 
dips would render any continuous or correlation method impossible. 
In an effort to carry correlation and to test whether the cracked fron- 
tal portion of the fold would hinder reception, a line of continuous pro- 
filing was started in the undisturbed area at the boundaries of Mar- 
ginal Skiba and Skiba or Boryslaw* and carried in the direction of 
maximum dip. It consisted of a successively shifted line of eleven 


2 Loc. cit. 
* See Fig. 2 in Ref. (2), loc cit. 
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geophones spaced at 25 m. intervals. From five to seven shot points 
were spaced uniformly along each spread. In this way it was possible 
to obtain reflections from the same strata with different angles of in- 
cidence, and from different strata with the same angle of incidence. 
The successive spreads were linked by one or two geophone positions, 
and made possible the continuous investigation of individual reflec- 
tions. The average vertical velocity for the area was obtained by shoot- 
ing in the ‘“‘Dabrowa”’ well situated on the top of the fold. The most 
prominent reflections were picked, the phases of which were definite 
or semi-definite on at least six traces, and the dip and depth calcu- 
lated. Probably because of the cracked zone as well as the superim- 
posed dips in the frontal portion, the reflections were not continuous 
and their phases changed from one spread to another. This method 
made it possible to trace almost the entire top of the Polanica shales 
up to a point where the dip exceeded 60° (at the nose of the fold). 
Some reflections were obtained from the Menillit shales, but they did 
not prove to be very valuable as the exposed part suitable for seismic 
surveying was too restricted. It is worth noting that due to surface 
conditions (outcrops of Menillit shales) the reflections in the undis- 
turbed portion of the line (at its southern end) did not seem to be any 
better than those from the presumably cracked zone (over the top 
of the fold) and were more difficult to obtain than those from the 
frontal part. ; 

Tests were made by the refraction method to determine whether 
the conglomerates which outcrop before the front of the Boryslaw fold 
form a continuous bed dipping steeply under the Polanica shales, or 
whether they belong to the “lost” tail of the overthrust, the root of 
which is near the surface behind the fold itself. The technique de- 
scribed under (3) above failed to produce satisfactory results. 

8. Experiments based upon methods applied in the Boryslaw- 
Tustanowice area gave good results in other parts of the Carpathians 
and were instrumental in mapping a very interesting deep structure. 

A lesser amount of seismic exploration was done in northwestern 
and central Poland, the salient features of which are summarized be- 
low: 

1. Detailed refraction and reflection surveys over the large nega- 
tive gravimetric anomaly in the Pomerania-Kujawy area. Refraction 
prospecting resulted in the mapping of (a) two horizons with a wave 
velocity 3000-3500 m/sec. and s5000~5500 m/sec. and (b) of lime- 
stones with a wave velocity 4000-4200 m/sec. which in both the 
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southern and northern parts of the anomaly outcropped at the surface 
in several quarries. The gravity anomaly was assumed to result from 
a salt dome of rather large dimensions and was later proved by a deep 
well located in accordance with the seismic exploration of the summer 
of 1939. The depth of this mass as determined by the gravimetric 
method was not greater than 400 m, which checked the refraction data 
rather well. A dip survey started outside the boundaries of the up- 
lifted mass, proved the existence of steeply dipping beds around it as 
well as the occurrence of new, shallow, continuous reflections across 
the mass. It is noteworthy that the seismic investigation carried out 
in this region in 1929 by the refraction method using mechanical 
seismographs (Mintrop-Schwedar) failed because of the great quanti- 
ties of explosives required and the very weak first impetus produced. 
The lack of energy was probably caused by the great masses of di- 
luvial clays and conglomerates, which in some parts form a mantle 
200-300 m. thick. However, they did not prove a hindrance to the 
refraction survey made with electromagnetic geophones and the 
charge sizes did not exceed five to seven pounds of dynamite fired at 
depths not exceeding twenty feet. 

2. South of this region a line of continuous reflection profiling was 
run to investigate the shallow and deep structures in the Jurassic 
limestones and sandstones. In the same area, refraction fan shooting 
was tried in order to map deep beds with wave velocities in excess of 
4000 m/sec. The results were promising but the survey was inter- 
rupted by the outbreak of war. 

3. Refraction and reflection surveys over shallow and deep lime- 
stone structures north of the Vistula River in the region of the so- 
called foreland of the Saint-Cross Mountains were made in connection 
with old drilling. In this area the shallow structures are very pro- 
nounced and the limestones occasionally outcrop at the surface and 
refraction surveys of these were made. Reflection records showed 
deep reflections which may be the same as the correlations in the 
Carpathian foreland area south of the Vistula where the reflections 
were from a shallower depth. Additional shooting is needed to verify 
this possibility. 

Finally, I would like to tabulate the geophysical activities of the 
Geophysical Department of the Polish Geological Survey in northern, 
central and eastern Poland. The program was initiated in 1937 and by 
1939 almost a third of the plains of Poland (exclusive of the Car- 
pathian foreland area) had been covered with a network of magnetic 
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and gravimetric stations. This work was accomplished with several 
magnetic and two gravimetric (Thyssen) field parties. 
The summary of the surveying program from 1935 to 1939 is shown 


in the following table: 


1935/36 
Magnetic survey 
Reconnaissance sq. km. 520 
stations 1,730 
Detailed sq. km. 25 
stations 2,000 
Gravimetric survey 
Torsion b. Eotvos stations 79 
Pendulum stations ? 
Gravimeter Thyssen sq. km. — 
stations — 


36/37 


7,000 


10 


17 


37/38 


34,000 


75175 
240 


6,253 


66 
II,500 
1,435 


38/39 
app. 40,000 


? 


? 
app. —— 


These figures do not include surveys shown in the previous table. 











A NOTE ON THE READING OF SEISMOGRAMS* 
C. W. HORTON 


ABSTRACT 


It is shown that a quick appraisal of the error in reading seismograms can be made 
by a statistical count of the occurrence of the third decimal. A method of interpretation 
is shown by analyses of five samples. 


On the commercial seismogram the timer-lines are usually 0.01 
seconds apart and the computor must estimate the value of the third 
decimal. Personal factors are easily introduced in this estimation. For 
example, one computor admitted that he avoided zeros and fives be- 
cause it was usually obvious that the value was not exactly zero or 
five. Another computor unconsciously stressed the zeros because the 
addition of correction times was slightly easier. 

A statistical count of the distribution of the third decimal was 
made on the work of two computors at different periods. The data 
are presented in Table I in the form of statistical probabilities p, given 
by 


Pm = an/N, 


in which WN is the total number of observations in the sample and 
am is the number of occurrences of the value m (m=o,1, - + + ,9) for 
the third decimal. 

If all values of m are equally likely, as they seem to be on a seiso- 
gram, the expected value of ~,, is o.1 for all m. One may think at first 
that it is sufficient to compare the observed value of p» with its ex- 
pected value of 0.1 and to conclude that m is being unduly stressed or 
slighted according as p,, is greater or less than 0.1. This is not, how- 
ever, a valid conclusion since even if there were no error in the reading 
of the seismogram, the values of ~, will deviate from o.1. Conse- 
quently the primary question is, “How much is it necessary that pn 
depart from its expected value of 0.1 in order that one can conclude 
that the departure is due to bias on the part of the computor instead 
of random fluctuations caused by the smallness of the sample?” 

In order to answer this question it is necessary to introduce the 
concept of mean error, (fm). The mean error of p» is the square root 


* Manuscript received May 11, 1943. 
{ Underwater Sound Laboratory, Harvard University. 
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of the expected value of (fn—0.1). It can be shown! that if each 
m (m=0,1, + + + ,g) is equally likely then 
€( Pm) = 3/10N}!? (m =e Cig lg Wig 9). (1) 
There is a theorem? due to Tchebycheff which states, “The prob- 
ability, Pr, that | Pmn—o.1| does not exceed ¢(pm) by a certain multi- 
ple, \ (A>1), is greater than 1—1/)*.”’ 


If 
A= 2, Pr > 0.75 


A = 3; Pr > 0.89 
= 4, Pr > 0.94. 
To a certain extent the critical value of is arbitrary but if | Pa—o.1| 


is larger than 2.5 or 3 times e(p,) then it is very probable that the 
computor has a personal bias toward and against this value of m. 


TABLE I, STATISTICAL ANALYSIS OF THE READING OF REFLECTION TIMES 


Sample 

I II III IV Vv 
N 700 645 566 784 587 
Po 0.245 0.171 , @2527 0.260 0.124 
hi .067 .O81 - 104 - 119 .097 
peo .056 .087 .087 .120 .092 
Ds -097 -119 .078 .043 .087 
ps - IIS - 110 .065 .040 - 109 
Ds .072 .068 .067 .066 -095 
Pe .083 .060 .087 .032 .080 
pi -108 #835 Pa .057 .092 
Ds .064 .096 -154 «EES -124 
Po -093 .073 oEI7 .148 .099 
(Pm) 0.011 0.012 0.013 0.011 0.012 


In Table I ¢(pm) is tabulated for each sample. Samples I and II 
are of moderate quality. Sample III represents seismogram reading of 
good quality. In this sample | p,—0.1| >2.5€(pm) for only two values 
of m (m=4 and 8). This shows the danger of judging the accuracy of 
the reading solely on the basis of an inspection of the ?,,’s. It may at 
first seem improbable that p,, should be less than 0.1 for m= 2,3,4,5,6 
but actually only for two of these (m=4 and 5) is the deviation so 
large that its probability of occurring is less than 0.35. Sample IV is 
an example of poor seismogram reading since | Pm—0.1| = 3€(Pm) for 


1 Arne Fisher. The Mathematical Theory of Probabilities. Vol. 1. The Macmillan Co. 
New York, 1930, p. 108. 
2 Ibid., p. 109. 
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seven values of m. Samples I, II, and IV each show an undue favoring 
of m=o. This suggests that all reflections occurring within 0.5 milli- 
seconds of either edge of the timer line are called zero. Beginning 
computors should be warned against this danger. 

Sample V may be regarded as a control sample. It is a study of 
the reflection times of correlation records where each time is the aver- 
age of six readings and consequently one expects a truly random dis- 
tribution of m. This is substantiated by the data: | Pm—0.1| S 2€(Pm) 
for all m and | Pm—0.1| S1.1€(Pm) for seven of the m’s. 

It is recommended that a statistical count be made periodically 
of the third decimal of the reflection times read by computors. In less 
than an hour a sample of 800 to 1000 observations can be made and 
the values of | Pm—0.1| , (m=0,1, - * + ,9), can be compared with the 
theoretical value of €(pm) given by Eq. 1. In this manner systematic 
errors may be found and an effort may be made to eliminate them. 





























A METHOD OF DETERMINING. THE TIME BREAK 
ON DEEP SEA SEISMIC RECORDS FROM THE 
WATER SOUND ARRIVALS* 


W. B. AGOCST 


ABSTRACT 


A method is presented whereby, through the use of the direct water wave first 
arrival from a shot fired on the ocean bottom, and the first and second reflections of 
sound from the surface of the sea, the following data may be obtained: (1) the ratio of 
the depth of the shot below the surface of the sea to the lateral distance between the 
shot and detector; (2) the lateral distance between the shot and the detector at the bot- 
tom of the sea; and finally, (3) the time of detonation or the time break in terms of the 
time scale of the detecting recorder. 

The velocity of sound in sea water shows a linear variation of the velocity with 
depth in definite zones with rather abrupt changes in slope of the velocity-depth curve 
from zone to zone. Curvature due to refraction is found to be negligible in the calcula- 
tions made for true oceanic depths. 

Sample computations are given. 


INTRODUCTION 


In comparison to geophysical work done on the earth’s dry surface 
in the search for subsurface geologic structure, very little investigation 
has been done in the oceanic areas of the earth. Meinesz! introduced 
the use of pendulums installed in submarines to extend gravity surveys 
beyond the limits of the land. In 1934 Piggot? introduced his deep sea 
coring apparatus for obtaining core samples up to ten feet in length. 
However, neither of these methods was a positive means of determin- 
ing thickness of sediments overlying the basement rocks or the detailed 
geologic structure, nor could they be used to determine depths and 
characteristics of sediments beyond the oceanic ooze. 

Early in 1935 Ewing started his work on deep sea seismic geophysi- 
cal investigations. He tested equipment and means of obtaining 
seismic records in the ocean to depths of three miles. In his early work 
the apparatus was lowered to the bottom by means of cables, and the 
desired spread of the equipment on the ocean floor was expected by the 
continued forward motion of the vessel from which operations were 
carried out. However, the expected spread of the seismographs and 


* Read by title before the Fort Worth meeting, April 9, 1943. 

t Dept. of Physics, Lehigh University, Bethlehem, Pa. At present with the Atlantic 
Oil Company in Venezuela. 

1F. A. Vening Meinesz. Gravity Expeditions at Sea. Vol. II, 1934. 

2C. S. Piggot. Apparatus to secure sample from the ocean bottom. Bull. Geol. Soc. 
Am., 47, 675, 1936. 
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bombs was not always obtained, because the forward motion of the 
vessel relative to bottom was often unknown. Furthermore, it was 
found that the cable by means of which the apparatus was lowered and 
raised in the sea would become tangled and worn considerably even 
when used only a few times. 

In order to overcome these difficulties, Ewing* developed a method 
which eliminated the cable connection with the surface vessel. In this 
improved procedure a balloon filled with oil or gasoline is attached to 
the seismograph, and attached to this in turn is the ballast to sink the 
apparatus to the floor of the ocean. The recording unit is complete 
with amplifiers and camera connected to self righting geophones. 
However, in order to reduce the weight of the apparatus and to avoid 
numerous technical complications, no time of detonation signal receiv- 
ing or sending equipment is incorporated. The bomb or shot unit is 
also made up as a separate unit, with its buoyant balloon, shooting 
apparatus, and ballast. 

Within the shooting and recording units, time clocks are included 
so that the equipment will be put into operation when it reaches the 
bottom of the ocean, or at some prearranged time, in order that the 
seismograph will be in operation at the time the bomb is detonated, 
and in order to stop the operation of the equipment at the completion 
of the run. 

As the vessel moves forward, the equipment is dropped overboard 
with the desired spacing between the geophone spread and the shot. 
In this manner any shot to detector spread may be obtained. 

When the shot or shots have been recorded, the ballast is released 
and the buoyant balloon returns the equipment to the surface of the 
ocean to be found and picked up by the surface vessel. 

In surface seismic geophysical surveys, the shot instant is recorded 
on the record, and a survey made so that the shot to detector distance 
is accurately known. The characteristic velocity of sound from the 
refracting horizon may be determined, and then the depths of the re- 
fracting horizons calculated. In the case of reflection shooting, the 
depths of reflecting horizons are determined from the known average 
velocities. 

In the oceanic work, as described above, the apparatus is dropped 
overboard at various intervals; thus, an accurate determination of the 
separation of shot and geophone cannot be made, as in surface shoot- 


3 M. Ewing and A. Vine. Deep sea measurements without wires or cables. Trans. Am. 
Geophys. Union, Part I, 248, 1938. 
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ing, by making a survey. Furthermore, since no provision is made to 
signal the shot instant, the record is devoid of a shot break. Therefore, 
before it is possible to make any accurate determinations of depths of 
sediments, and their physical characteristics from the velocity deter- 
minations, it is necessary to know the shot to detector distance ac- 
curately, and also the shot instant. These data must be obtained from 
the water sound pulses recorded on the seismic record. 

Dr. Ewing used an approximate method for determining the shot 
to detector distance and the time break which was adequate for the 
very preliminary results obtained to date. A summary of the method 
is presented later in this paper. 

At Dr. Ewing’s suggestion, the writer investigated the variation 
of the velocity of sound in sea water with depth and the effect of this 
variation on the curvature of the path. With the help of this informa- 
tion the writer succeeded in expanding Dr. Ewing’s rough determina- 
tion of the shot to detector distance and time break into a method of 
successive approximation yielding accurate data. 


ZONAL VARIATION OF THE VELOCITY OF SOUND IN SEA WATER 
WITH INCREASE IN DEPTH 


The variations of temperature and salinity with depth at a typical 
station in the Western North Atlantic were taken from the data 
gathered by Iselin‘ in his oceanographic studies. Using these tempera- 
ture and salinity data, the velocity of sound in sea water was calcu- 
lated using the British Admiralty® tables. The variation of the velocity 
with depth has been plotted for a typical station in Fig. 1. 

It can be seen from Fig. 1 that the velocity of sound in sea water 
varies zonally with depth. From the surface to a depth of about 600 
meters (328 fathoms), the velocity is constant, averaging 1521 meters 
per second. These figures, however, neglect near-surface variations of 
velocity which show a considerable change due to rapid changes in 
temperature and salinity. From 600 meters to 1200 meters (656 
fathoms), the velocity of sound decreases linearly at the rate of about 
6 meters per second per 100 meters increase in depth; from 1200 meters 
to 2500 meters, there is a constant increase in the velocity of sound 
of about 2 meters per second per 100 meters increase in depth. 


4C. O’D. Iselin. A study of the circulation of the western North Atlantic. Papers in 
Physical Oceanography and Meteorology 4, No. 4, 1936. 

5 Hydrographic Dept., British Admiralty. Velocity of sound in pure water and sea 
water for use in echo sounding and sound ranging, 1927. 
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Fic. 1. Velocity-depth curve, showing vertical and seasonal variation of velocity 
of sound with depth in the Central Atlantic. 
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Fic. 2. Average velocity and velocity depth curve taken from the data for August, 
1932, Central Atlantic. The solid line is the average velocity curve, and the dashed 
line is the instantaneous velocity curve. 
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In Fig. 2 the average velocity depth curve is plotted along with 
the velocity depth curve for the month of August, 1932. 


CURVED PATH REFLECTION VERSUS THE STRAIGHT LINE 
REFLECTION PATH 

Since the scheme to obtain the time break or zero time on the 
record involves the use of the reflections of sound from the surface of 
the sea, the effect of curvature of the path of the reflection had to be 
investigated and the times compared with those for the straight line 
path. 

For the straight line path, the time of travel was obtained for the 
half path using the average velocity of the section. The time for the 
curved path was determined from the equation :® 


ae + 9 ] 
2Vo(Vo + ay 





T = (1/K) cosh: | 1+ 


where KX is the rate of increase in velocity with depth, X is the lateral 
distance for the half-trajectory, Y is the depth in the particular sec- 
tion, and Vo is the initial velocity. In the derivation of this formula 
it is assumed that the velocity is a linear function of depth. 

The test calculations were made in the zone of greatest but linear 
velocity variation, namely from 620 meters to 1020 meters, and it was 
found that the difference in time between the two paths is of the order 
of .o004 second. Therefore, considering other sources of possible error, 
it is possible to consider this as negligible, and we may take the path 
of the sound as being a straight line. 


THEORY 
From the geometry of Fig. 3, it may be seen that the travel times 
of the direct water wave, the first reflection, and the second reflection, 
using an arbitrary time of detonation, are, 


W—T)=X/V (1) 
E, — To = (X/V):- [1 + (2h/X)?]!/? (2) 
E, — Ty) = (X/V)- [1 + (4h/X)?]!?? (3) 


respectively, where W, £,, and £2 are the times of arrival with respect 
to the arbitrary time break of the direct water wave, the first reflec- 
tion, and the second reflection, respectively; To is the correction time 


6 L, L, Nettleton. Geophysical Prospecting for Oil, McGraw-Hill, 1940, p. 259. 
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from the arbitrary to the true instant of detonation; X and d# are the 
shot to detector distance and depth of the sea at the shot, respectively; 
and V and V are the instantaneous velocity at depth /, and the aver- 
age velocity from the surface to depth 4, respectively. These equations 
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Fic. 3. Schematic diagram showing path of sound reflections in deep 
sea seismic work. 


are true provided the curvature of the paths due to the variation of 
velocity is neglected. 

W, E, and E, are known, and from Egg. 1, 2, and 3 the problem 
could be solved uniquely if V and V were both equal to one constant, 
say 1500 meters per second. Then we should have three independent, 
consistent simultaneous equations to solve for the three unknowns, 
To, X, and h. However, V varies with h, as does V, Dr, Ewing treated 
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V as equal to V for his determinations, and he used an average value 
for V. 
Eliminating To in Eqs. 1, 2 and 3, we obtain: 
E, — W = (X/V)-{[t + (2h/X)?]"? — V/V} (4) 
and 


E, — E, = (X/V)-{[1 + (4h/X)?]"? — [1 + (2h/X)?]*"}. (5) 


Let the ratio 2h/X be equal to cot ¢: and 4h/X equal to cot 2, and 
V/V in Eq. 4 be equal to p. Eqs. 4 and 5 reduce to 





E, — W = (X/V)-(csc $1 — p) (4a) 

- E, — E; = (X/V)-(cesc $2 — csc ¢1). (sa) 
The ratio of Eqs. 4 and 5 is: 

E.—W { [x + (2h/X)?]2 — V/V} 6) 


Ex— Ey [1+ (4h/X)*} — [1 + (2h/x)]" 
and of Eqs. 4a and sa is: 
E, —W 7 (csc $1 — p) 
E, — FE, (csc 2 — csc ¢1) 








(7) 


The ratio of (E,\—W)/(£2—;) is calculated for progressively 
greater values of the ratio 4/X in Eq. 6, and the values are plotted as 
in Fig. 4. It can be seen from Fig. 2 that the ratio p=V/V varies 
between the limits of 1 and 1.015 to a depth of 2500 meters. Therefore, 
it is necessary, in order to simplify calculations, to plot a family of 
curves as in Fig. 4 using values of V/V equal to 1.000, 1.005, and 1.015. 
Intermediate values of V/V can be interpolated if need be. 

A separate curve is plotted for increasing values of (csc ¢2—csc¢y) 
with respect to increasing values of h/X as in Fig. 5. 

The procedure for determining X, h, and T> is as follows: (1) the 
ratio of (E,— W)/(£2—£;) is determined from the record. From this 
ratio using the curve in Fig. 4, the approximate ratio of h/X is deter- 
mined, assuming for the time being that the ratio V/V is equal to 
unity. (2) Knowing the approximate value of #/X, the value of 
(csc ¢2—csc ¢1) may be determined from the curve of Fig. 5. (3) Using 
Eq. 5a, and assuming some mean value for V from Fig. 2, the value 
of X is determined. (4) The value of 4 may now be determined since 
the ratio of h/X is known from our first step. 




















h 
X 
‘ 

2 

F 

i . 

‘ x 

E 


DETERMINING TIME BREAK ON DEEP SEA SEISMIC RECORDS 171 


7 8 
Fic. 4. Curve of depth-lateral distance ratio plotted against the ratio 
of the time differences. 
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Fic. 5. Ratio of the depth-lateral distance plotted against (csc ¢2—csc ¢1.) 
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In all of the above, the values obtained are first approximations. 
However, from step (4) above, an approximately correct value of h 
is obtained, and it is now possible to determine the approximate values 
of V and V from Fig. 2. It is now possible to make a determination of 
p, and the same step by step process described above is repeated. Thus 
by successive approximations (two and at the most three,) accurate 
values for X, h, V and V may be determined. The last step, substitut- 
ing in Eq. (1), is the determination of the value 7». 


SAMPLE PROBLEM 


Let h be 2500 meters, and X be 3250 meters; for this depth, V is 
equal to 1505.5 M/sec., and V is 1504 M/sec. These velocities are 
obtained from Fig. 2. 

Therefore, 


W = X/V = 3250/1505.5 = 2.159 seconds 
E, = (X/V)[x + (2h/X)?}"? = 5963.4/1504 = 3.965 seconds 
E, = (X/V) [1 + (4h/X)?]}/2 = 10514.9/1504 = 6.991 seconds. 


The above values have been determined as absolute. From their 
differences and ratio, the value of X, 4, and To will be determined in 
the following problem. Assuming zero time is taken at W, i.e., (W =o) 


E, — W = 1.806 seconds 

E, — E, = 3.026 seconds. 
The ratio of these differences is: 

(E, — W)/(E2 — E,) = 1.806/3.026 = 0.597. 
From Fig. 4, 
h/X = 0.768 

and from Fig. 5, 

(csc d2 — csc $1) = 1.398. 


From Eq. 5a, X can be determined. Assume, since / is unknown, a 
value of 1510 M/sec. as the value of both V and V and obtain the 
true value by a later approximation. Substituting in Eq. 5a we have, 

E, — E; = (X/V)-(csc $2 — csc $1) 


(5a) 
3.026 = (X/1510)1.398 , 
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whence X is equal to 3268 meters. The ratio of h/X was found to be 
approximately 0.768, and we obtain / equal to 2510 meters. 

Referring to Fig. 2, it can be seen that V is 1504 M/sec. at a depth 
of 2510 meters, and V is equal to 1505.5 M/sec. Therefore, recalculat- 
ing (using p=1) and using Eq. 5a, and the corrected value of V, we 
obtain, 

3.026 = (X/1504)(1. 398) 
X = 3255 meters 


and 


. 


h ="2500 meters. 


The value of 7) may be determined by substituting the correct 
values in Eq. 1. Since the point of the arrival of the direct water wave 
was taken as zero time, substitute the value of X as finally determined 
above, and the correct value of V from the value of # obtained above, 
and we obtain for To: 


W - To a X/V. 
In this equation W is zero since it was taken as the time break, whence, 
To = — 3255/1505.5 = — 2.162 sec. 


To is the desired time break, which of course took place before the 
water wave arrival. 

Another example is given at a depth of 1000 meters and X of 1500 
meters; it is known that V is 1494 M/sec. and V is 1515 M/sec. 


W = X/V = 1500/1494 = 1.004 seconds, 
is the direct water wave arrival. 
E; = (X/V)-[1 + (2h/X)?]!/2 = 2500/1515 = 1.650 seconds is 
the first reflection from the surface. 
E, = (X/V)-[1 + (4h/X)?]*/? = 4272/1515 = 2.820 seconds 


is the second reflection from the surface. We then have the following 
ratio: 


(Ei — W)/(E2 — E,) = .646/1.170 = .552. 


Assume p is equal to 1, whence for the above ratio we find from Fig. 4, 
h/X equal to .630, and from Fig. 5, we obtain (csc ¢2—csc ¢1) equal 
to 1.10; assume V and V to be 1510 M/sec. 
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Substituting in Eq. 5a we have 
E, — E, = 1.170 = (X/V)-(csc ¢2 — csc $1) = (X/1510)(1. 10). 


Solving, we obtain X equal to 1606 meters, and from the ratio 4/X 
equal to .630, we find / equal to 1012 meters. 

From Fig. 2 it is found that for # equal to ror2 meters, V equal to 
1514.5 M/sec., and V equal to 1493 M/sec.; p is equal to 1.013. 

For p equal to 1.013 it is found from Fig. 4, h/X is equal to .669, 
and from Fig. 5 (csc ¢2—csc ¢1) is equal to 1.183. Repeating the above 
steps, using the newly determined values we obtain: 


X = 1498 meters, 


h = 1002 meters. 


For a more accurate determination we proceed through the same 
steps as above. 

Assuming that zero time was taken at the arrival of W, or W =o, 
and for k=1002 meters, V=1494 M/sec., 


To = — 1498/1494 = — 1.003 seconds. 


CONCLUSION 


It may be seen from the above results that the method herein 
proposed is an accurate means of determining the lateral distance from 
shot to recorders, the depth of the sea at the point, and the time break 
on the seismic records obtained at sea, where direct water first arrivals, 
and first and second reflections are present on the record. 
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A PROPOSED LEAST SQUARE METHOD FOR THE 
DETERMINATION OF THE ELEVATION FACTOR* 


J. A. LEGGE, Jr.t 


ABSTRACT 


The purpose of this paper is to present a least square method whereby the elevation 
factor is determined by fitting a polynomial to the gravity profile. The method is ap- 
plicable to stations located along a straight line as well as those located at random over 
an area. 


The precision of modern gravity prospecting frequently necessi- 
tates the use of a carefully and uniformly controlled elevation correc- 
tion. In regions of relatively low relief the Bouguer formula! is usually 
sufficient for even precise surveys. 

The elevation correction is made by adding to the observed gravity 
the quantity kz, where k is the elevation factor and z the elevation of 
the station with respect to the datum. This so-called elevation correc- 
tion is usually determined by the method described by Nettleton.’ 
This method involves considerable labor and has the disadvantage 
that a best fit must be estimated by the computer. Siegert® has de- 
scribed a least square method which determines k by smoothing the 
corrected gravity profile and overcomes the disadvantage of estimat- 
ing the best fit. 

The usual field determination is made from a gravity profile over 
one or preferably two topographic reversals. The topographic reversals 
should be long, narrow, and high. Sharp features must be avoided or 
the assumption of an infinite plane sheet in the Bouguer formula will 
not be valid. In order that the results be reliable there must be no 
appreciable changes in the surface density over the area to which the 
factor is to be applied. It follows then that the test profile must be 
located over topography characteristic of the area. Unusual topo- 
graphic features may reflect surface abnormalities, and therefore will 
give an erroneous value of &. If the results are to be reliable, all in- 


* Presented at the Thirteenth Annual Meeting, Fort Worth, Texas, April 7-9, 1943. 

{ United Geophysical Company, Pasadena, California. 

1 The Bouguer formula, B=2zx07(z—zo), gives the attraction of an infinite plane 
layer of thickness z—zo and density o where y is the gravitational constant. The 
Bouguer effect in conjunction with the free air correction which is also linear with re- 
spect to elevation make up the elevation correction. 

2 L. L. Nettleton, Geopuysics, IV, 176, 1939. 

3 A, J. F. Siegert, Geopuysics, VII, 29, 1942. 
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strumental and surveying errors must be reduced to an absolute 
minimum and sufficient stations should be set such that the probable 
error is below that demanded by the survey. 

First will be considered the case where the stations are set on a 
straight line, and, secondly, the case where the stations are randomly 
distributed over an area. 


Linear Distribution of Stations 


If the gravity stations are located along a straight line, the cor- 
rected gravity profile may be approximately expressed by the poly- 
nomial: 

j=n 
G;=~ Zz a xsi ( 1) 
j=0 
where 
G;=corrected gravity for station 7 
a;=the (j-+1)™ coefficient of the polynomial 
“;=the horizontal distance of station 7 from the origin. 

In order to obtain the corrected gravity, the term kz; must be 
added to the observed gravity, g;. 

Hence: 


G; = git kai (2) 
where 2; is the elevation of station 7 with respect to the datum. 
The theory of least squares demands that 


i=N j=n 2 
S| Gee + ted) — Daves | (3) 
i=1 j=0 

be a minimum. By differentiating this with respect to k and a,’s, 
j+z2 normal equations are formed which are sufficient to determine 
uniquely. 

The number of terms included in the polynomial is dependent to 
some extent upon the knowledge of the gravity field. If the gradient is 
uniform over the length of the line, only the linear term need be in- 
cluded. In this case »=1 and three normal equations are formed - 


ao», 2+ a), X25 — k>, 2° = 2. 8125 
Nao + a>, , k>, 6 OS : gi (4): 
a>, t+ aid) x? — kd) wei = bs Biri 


in which the sum is taken from i=1 to i=N, N being the number 
of stations along the line. 
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On the other hand, if the gradient is not uniform, the higher powers 
of x must be included. In areas which are to be detailed the operator 
usually possesses a certain amount of knowledge of the gravity field 
and by judicious location of the profile the polynomial may be limited 
to the quadratic form. In essence, this means that the profile should 
not be long enough to include “‘S” points, or mathematically, include 
points where 0°G/dx? changes sign. 

The permissible length of line will depend largely on the size of 
the anomalies. In general, the larger and more deep-seated the anom- 
aly the longer may be the profile. 

Applying the quadratic form, ~=2, four normal equations are 
formed: 


Qo, 2 + aid, xi + a2>, x22; — kisi = Dd giz 
aoN + a>, % + a2), iia ky 1 ee z gi 
ao, % tad x? +a2d 4% — kD aixi = Do gins 
ao), at +> a>) x* + a2 >) af = ky Bix? = ya gx. 


Following is a sample calculation of k from a gravity profile. In 
this example, k was estimated by Nettleton’s method to be .065 
mg/ft. Least square computation gave a result of .o665 mg/ft. The 
quality of the result may be ascertained from the standard deviation 
of G; as computed by Eq. 1 against that computed by Eq. 2. In this 
example the standard deviation of G; is .o6 mg. 


(5) 


Sta. gi 2 x x? 
(mg.) (ft.) (arbitrary) 
I 4.11 52.6 58.6 3433-906 
2 3-49 60.3 54.8 3003.04 
3 2.90 68.5 52.2 2724.84 
4 0.00 108.2 44.4 1971.36 
5 0.19 103.5 41.4 1713.96 
6 0.10 104.2 38.6 1489.96 
7 1.38 82.7 34.9 1218.01 
8 2°23 68.9 28.3 979.69 
9 3-96 43-9 27-3 745-29 
10 5.18 25-4 23.8 566.44 
II 6.14 10.2 20.8 432.64 
12 6.77 00.0 18.7 349-69 
13 5-37 23-5 15.4 237-16 
13 4:57 36.8 FEs2 125.44 
ie 2.70 65.0 8.9 79.21 
16 1.86 75.6 5.5 26.01 


Normal Equations 


929.3 Got 31,869.7 ait 1.33136X10® ad— 70,482.0 1,901.67 


1,366.27 
49, 854.8 


487.4 do+ 19,096.7 ait .852465X108 a— 31,869.7 


+ k= 
? 16 do+ 487.4 a+ .0190967X 108 ae— 929.3 :. 50.95 
+19,096.7 @o+852,465  di+40.9870X108 d— 1,331,364 k= 
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Solving the normal equations simultaneously the following result 
is obtained: 


a = + 7.1323 


a; = — .026521 
a2 = + .0006044 
k=+ .0665 mg/ft. 


Areal Distribution of Stations 


In field practice it is frequently difficult to lay out straight lines 
of an appreciable length. Under these conditions it is advantageous 
to be able to determine the elevation factor without being limited to 
several short segments. This problem would be extremely difficult to 
solve graphically. 

In this case G; may be approximately expressed by the polynomial: 


j=n h=m 


Gix DD anxiivi. (6) 


j=0 h=0 


Similarly, the theory of least squares demands that: 


i=N j=n h=m 2 
53) crag FE analy | (7) 


t=1 j=0 h=0 


be a minimum. Differentiating this expression with respect to k, the 
a;’s and the a,’s, normai equations are formed which may be solved 
simultaneously to obtain k. 

Since the number of normal equations increases very rapidly with 
the addition of xy, x*y, y’x terms etc., it is not practical to make an 
areal computation unless the polynomial can be limited to a conic 
form. 

CONCLUSIONS 


In both the linear and the areal method a judicious location of the 
tests will permit the use of relatively few normal equations for the 
determination of &. In the areal case, if the gravity field is of such a 
nature that a three or five mile square can be utilized satisfying the 
conditions necessary for the use of the conic terms, elevation factor 
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checks can be made from time to time on the field data without inter- 
rupting field procedure for special lines of stations. 
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THE TOTAL GAMMA RAY ACTIVITY OF SEDIMENTARY 
ROCKS AS INDICATED BY GEIGER COUNTER 
DETERMINATIONS* 


W. L. RUSSELLt 


ABSTRACT 


Geiger counter determinations of the gamma ray intensity of 510 rock samples 
have been made to determine the average radioactivity and frequency distribution of 
radioactivities of the various types of sedimentary rocks. The results, expressed in 
units of gamma ray intensity, show that limestones, sandstones and dolomites are of 
relatively low radioactivity, shales much higher, and black bituminous shales highest of 
all. The new data on the gamma radiation of the sediments may be used to improve the 
interpretation of radioactivity logs and to determine the value of surface radioactivity 
surveys. 


INTRODUCTION 


Investigations of the radioactivity of rocks have contributed to 
the solution of some of the most important problems of geology. 
Up to the present most of the achievements in this field have re- 
sulted from the study of igneous rocks, but this is partly because 
the sediments have been rather neglected. With the advent of radio- 
activity well logging, the study of the radioactivity of sedimentary 
rocks has of course become of urgent practical importance, for without 
a knowledge of the relative radioactivities of the different types of 
sediments it would be impossible to interpret the logs. In spite of 40 
years of work by many scientists on the radioactivity of rocks, it was 
necessary to start anew in building up this interpretation. This situ- 
ation arose partly because most of the earlier determinations have 
been recently found to be inaccurate; partly because the determina- 
tions of the radioactivities of sedimentary rocks of known accuracy 
were too few to be of much help; and partly because determinations 
of total gamma ray intensity were lacking. 

The present paper is based on 510 determinations of the gamma 
ray activity of various types of sedimentary rocks made by the re- 
search department of Well Surveys, Inc., as part of a program to 
improve the interpretation of radioactivity logs. The radioactivities 
of the various rock types and the practical problems relating to radio- 
activity surveys are described in the following pages, but the discus- 
sion of the relation of the results to problems of general geologic in- 
terest is reserved for a later paper. 


* Presented at the annual meeting, Fort Worth, Texas, April, 1943. 
7 Stanolind Oil and Gas Company, Tulsa, Oklahoma. 
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PREVIOUS WORK 

The field covered by the present paper is the radioactivity of 
sedimentary rocks and particularly the variations in the intensity of 
the gamma rays emitted by all the radioactive elements present. The 
previous work in this field is astonishingly meagre. It is known that 
the gamma rays in question are produced almost entirely by potas- 
sium and by members of the uranium-radium and thorium series, 
and accordingly it follows that the most valuable determinations in 
this connection are of total gamma ray intensity or of radium, tho- 
rium and potassium in the same sample. No determinations of either 
type appear to have been published. 

Most of the published radioactivity determinations have been of 
igneous rocks and the few determinations of sedimentary rocks have 
generally been limited to radium alone. Furthermore, it has recently 
been proven that most of the published determinations are subject to 
serious errors,” and that the results of different investigators may 
differ by a factor of 100.3 The elimination of this older work leaves the 
publications of Evans,‘ Bell, Goodman, and Whitehead,’ and of 


1 Bruno Pontecorvo, Radioactivity Analyses of Oil Well Samples, Geopuysics, Vol. 
7, No. 1 (1942), Pp. 90-94. 

2 R. D. Evans, C. Goodman, N. B. Keevil, A. C. Lane and W. D. Urry, Intercali- 
bration and Comparison in Two Laboratories of Measurements Incident to the Determina- 
tion of Geological Ages of Rocks, Phys. Rev. 55, 931-046 (1939). 

3.N. B. Keevil, A. R. Keevil, W. N. Ingham, and G. P. Crombie, Causes of Varia- 
tions in Radioactivity Data. Amer. Jour. Sci., Vol. 241, No. 6 (1943), P- 347: 

4R. D. Evans and Clark Goodman, Radioactivity Measurements of Rocks, G.S.A. 
Bull: Vol. 52 (1941), pp. 470-477. 

5 K. D. Bell, C. Goodman and W. L. Whitehad, Radioactivity of Sedimentary Rocks 
and Associated Petroleum, A.A.P.G. Bull. Vol. 24, No. 9, 1940. 
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Keevil,® as the chief source of radioactivity determinations of known 
accuracy of consolidated sedimentary rocks. 
A list of these determinations is given in the following paragraph: 


A. Determinations of radium, thorium and potassium in the same sample: None. 
B. Determinations of potassium plus either radium or thorium in the same sample: 
None. 
C. Determinations of both uranium and thorium in the same sample: 
Limestones: 4 
Sandstones: 
Shales: None 
D. Determinations of relative amounts of uranium plus thorium in the same sample, 
the actual amounts of each being unknown: 142 determinations, apparently from 
about a dozen or more localities. (N. B. Keevil et al., op. cit., Table IV, p. 353.) 
E. Determinations of radium, without determinations of thorium or potassium in the 
same sample: 


Sandstones: 14 
Limestones and dolomites: 8 
Shales: 8 


F. Determinations of thorium without determination of uranium or potassium: None. 


There are of course many accurate chemical determinations of the 
potassium content of sedimentary rocks, and potassium is therefore 
the one important radioactive element whose variations in concen- 
tration in the various rocks are accurately known. 

Even if the number of reliable determinations of radium and tho- 
rium concentrations in sedimentary rocks were many times as numer- 
ous as they are, they would still be entirely inadequate to indicate in 
a satisfactory manner the average radioactivities and ranges in radio- 
activity of the various sedimentary rocks. The present paper is in 
agreement with previously published data in indicating that there are 
great variations of radioactivity in the same type of rock. Further- 
more, the rocks of many large areas and of certain ages or formations 
are consistently higher or lower than the general average. Even if 
thousands of samples from one of these abnormal areas were tested, 
the results would still give an inaccurate impression of the average 
radioactivities of the rock types tested. Clearly thousands of deter- 
minations of all three important radioactive elements, distributed 
widely over the earth’s surface, and including rocks of all ages and 
conditions of sedimentation, are required to give an adequate picture 
of the variations in radioactivity of sedimentary rocks. 


6 N. B. Keevit and others, op. cit., p. 343. 
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THE PURPOSE OF THE INVESTIGATION 


There is a need for many gamma ray measurements on samples 
of sedimentary rocks to place the accurate relative measurements 
obtained in gamma ray logging on a numerical basis. Such sample 
tests are of value in the general interpretation; for comparing radio- 
activities in different wells or different areas; for indicating whether 
there is enough contrast in the radioactivities of different rock types 
to distinguish them on the logs, or for correlation; for determining how 
certain thin rocks, or rock types not commonly found in cores, are ex- 
pressed on gamma ray logs; for possible uses of radioactivity surveys 
for locating mineral deposits such as vanadium and phosphates; and 
for determining the value of surface radioactivity measurements and 
the areas in which they would be successful. 

Since the subsurface well logging instrument measures relative 
gamma ray intensities with about 10 times the accuracy obtained 
in the sample tests, it might be supposed that all necessary information 
about the relative radioactivities of various rock types could be ob- 
tained from the study of radioactivity well logs. This is, of course, 
true of the common types, especially where thick. On the other hand, 
there are a number of rather uncommon types of rock, especially 
those occurring in thin beds, the radioactivity of which can best be 
determined by sample tests. Coal is an excellent example of the need 
for sample tests under such circumstances. In studying radioactivity 
logs from many areas it was noted that very conspicuous peaks of 
abnormally high radioactivity commonly occurred at almost the exact 
depths of known coal beds. These results were naturally at first inter- 
preted as indicating that coal was of very high radioactivity, and if it 
had not been for actual tests on coal samples, the true state of affairs 
might never have been discovered. These tests showed that of eight 
determinations of different samples of coal and cannel coal the radio- 
activities of seven were less than 2 units while the radioactivity of the 
other was only 3.3 units. On the other hand, the thin black oil shales 
which immediately overlie the coals are of extremely high radioactiv- 
ity, most of them ranging from 30 to 80 units. It seems clear, there- 
fore, that coal is of very low radioactivity, and that the thin zones of 
very high radioactivity, which produce the prominent peaks on the 
logs, are due to the oil shales overlying the coal. This and other similar 
examples show that the sample determinations result in direct im- 
provements of the interpretation of radioactivity logs. 
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APPARATUS AND METHODS 


The counting apparatus consisted of a Geiger counter, a special 
system of shields, a suitable container for the rock samples, and the 
conventional recorder for counting the impulses. The Geiger counter 
was of the acetone gas type, of all-metal construction. The geometrical 
arrangement of the Geiger counter was particularly efficient for ab- 
sorbing the maximum number of photons transmitted by the rock 
because the outer wall of the counter constituted one of its electrodes, 
and consequently the rock which filled an annular container surround- 
ing the counter was very close to its active portion. The effective 
dimensions of the counter were 4.5 by 0.75 inches, and the weight of 
the rock sample about # pound. 

The Geiger counter was connected to an amplifying circuit and 
to a mechanical recorder and the measurements consisted of deter- 
minations of the ratio of the number of counts to total elapsed time. 
Because of the weak radiation of the samples, no scaling circuit was 
used. The system of shields was of two types, electric shields, designed 
to eliminate the effects of induction due to stray electric fields, and a 
lead shield 2 inches thick, surrounding the counter and sample, and 
designed to reduce as much as possible the nuclear radiations from the 
environment. The apparatus when used without a shield and with a 
sample of zero radioactivity in place gave about 80 counts per minute, 
of which about half was due to gamma rays generated by radioactive 
matter in the surroundings, and half to cosmic rays and the secondary 
rays they produce. Most of the gamma rays and many of the weaker 
secondary rays of cosmic origin were absorbed by the lead shield, 
with the result that the count per minute is reduced to about 22. 

The most convenient unit for indicating gamma ray intensity. is 
the intensity of gamma rays produced by a known quantity of radium 
in equilibrium with other members of the uranium-radium series. 
The unit in which the determinations are expressed in Tables II and 
III is an intensity equivalent to a concentration of 10~” grams of 
radium per gram of rock. Of course, this does not indicate how much 
radium is actually present, since the radioactivity may be due to 
members of the uranium-radium series, to members of the thorium 
series, or to potassium; the determinations do, however, indicate the 
maximum concentrations of members of each of three series that could 
be present. 

In practice, what is measured was the difference between the 
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counting rate when the container is full of the sample, and the count- 
ing rate when the same container is filled with a salt (NaCl) known 
to have a very low radioactivity. For the tests described in this report 
the radioactivity of the salt was assumed to be zero. The counting 
rate of the whole appratus was then calibrated with samples of ac- 
curately known radioactivity. 

The accuracy of the measurements was limited by statistical fluc- 
tuations in the counting rate due to chance variations in the numbers 
of photons absorbed. These fluctuations produced errors, the probable 
magnitudes of which are indicated by the standard deviations placed 
after the + signs at the end of each determination. In order to reduce 
the standard deviation to +1.8 units, it was necessary to spend a 
total of about 23 hours on background measurements at the beginning 
- and end of each group of tests and about 2 hours on the actual sample 
measurement. 

ACCURACY OF THE RESULTS 


Possible non-statistical sources of error arise from instrumental 
defects, changes in background, loss of radon, and varying compac- 
tion. Since measurements of the same background and of the same 
sample at different times show differences which are only slightly 
greater than would be expected from statistical fluctuations alone, 
the errors due to these causes appear to be small; moreover, they are 
presumably as likely to be in one direction as in another. However, 
the error due to the radioactivity of the salt, which was assumed to 
be zero in calculating the results, is likely to cause all the determina- 
tions to be slightly too low. The effect depends on the manner of cali- 
bration, and is doubtless larger for the samples of low radioactivity. 
The radioactivity of the salt is known to be very low, but it is certainly 
not zero. 

The apparatus was calibrated with known amounts of the radio- 
elements in equilibrium, and it was found that one unit of radioac- 
tivity (that is, one radium equivalent per gram X10~) as listed in 
Table III and used in this paper, corresponds to the following concen- 
trations, in grams per gram, of radioelements in equilibrium with 
other members of the same series: radium, 1X10~; uranium, 2.8 
X10-*; thorium, 3.5 X10~-*; potassium 0.8 X 107”. 

In a recent personal communication, Pontecorvo has supplied the 
writer with a determination of the contribution of the different radio- 
active series to the radioactivity of a sample of the Chattanooga 
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shale. The determination was made by the combined beta-gamma 
method which he has described.? The sample, No. 47 of Table III, 
had a total radioactivity of 59.6 units, and the concentration of the 
radioelements in grams per gram of rock was as follows: uranium, 
83X10-§; radium, 29X10~; thorium, 85X10~*; potassium, 
4.45 X 107%. 

AGREEMENT WITH PREVIOUSLY PUBLISHED RESULTS 


To most readers familiar with the published radioactivity deter- 
minations, the values given in this paper will appear at first sight to 


TABLE I. RELATION OF PREVIOUSLY-PUBLISHED RADIOACTIVITY DETERMINATIONS TO 
DETERMINATIONS LISTED IN THIS PAPER 








- Previously Published Data,®-9.19 
reduced to radium 
equivalents X 10-# 


Radium 
equivalents 
according 
to this 


Sum of 
columns 





No. of 
Samples 


Radium, 
Average 


Thorium, 
Average 


Potassium 
Average 


3,4and § 


paper 
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Sandstone 





Limestone 








many 

















be abnormally large. The reason of course is that nearly all the 
previously published data represent determinations of only one of 
the three important groups of radioactive elements, while the deter- 
minations in this paper represent the sum of the effects of potassium 
and of the elements of the uranium, radium and thorium series. Fur- 
thermore, the units in which the determinations are expressed exag- 
gerate this difference, since in the case of shales and sandstones the 
radium equivalents due to potassium are two or three times the radium 
equivalents due to radium. 

It is of interest to compare the previously published determina- 


7 Bruno Pontecorvo, loc. cit. 

8 R. D. Evans and Clark Goodman, loc. cit. 

9 K. D. Bell, C. Goodman and W. L. Whitehead, Joc. cit. 

10 F, W. Clarke, The Data of Geochemistry, U.S.G.S. Bul. 770, pp. 547, 552, 564. 
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tions with those given in the present paper. The shales listed in Table 
III probably are of higher radioactivity than average, because an 
effort was made to secure many samples of the highly-radioactive 
black shales. The thorium content for shale assumed in Table I is 
estimated by using the same thorium-uranium ratio given for the 
sandstone determination. 

The determinations made by the writer average around $ greater 
than the average of the previous determinatioms, but the determina- 
tions of radium and thorium are so few that somie discrepancy is to 
be expected. The accuracy of Pontecorvo’s calibration of the appara- 
tus used by the writer can only be tested by the independent deter- 
mination of the radium, thorium, and potassium in some of the 
samples. 

STATISTICAL ERRORS 

The figure after the + sign in Table III indicates the standard 
deviation, which is 1.4 times the probable error. These statistical 
errors are due solely to variations in the counting rate produced by 
random fluctuations in the gamma ray photons absorbed, for errors 
due to faulty instruments are of course not shown by these purely 
statistical errors. It will be noted that in the case of the weakly radio- 
active rocks like sandstones and limestones the standard deviation is 
a large fraction of the total radioactivity. Fortunately, however, this 
situation is greatly improved in cases where averages of large numbers 
of determinations are involved, as in the case of some of the rock types 
listed in Table II. 

The standard deviation of an average is equal to the standard 
deviation of each determination divided by the square root of the 
number of determinations used in making the average (in cases where 
each standard deviation is the same). The standard deviation of most 
of the determinations listed in Table III is 1.8 units. Accordingly, if 
100 determinations were used in making an average, the standard 
deviation of the average would be 0.18 units, and the probable error 
of the average only 0.13 units. Hence the statistical accuracy of the 
averages given in Table II is much greater than that of the individual 
determinations. 


THE RESULTS OF THE DETERMINATIONS 


The results of the work are given in Table III*, which lists the radio- 
activity, location, formation, age, and lithologic character of each 


* Table III appears at the end of this paper. 
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sample, where this information is known, and where permission has 
been obtained to give it. Figs. 1 and 2 show the frequency distribution 
of the radioactivities of some important rocks, and Table II lists the 
average radioactivities of the various rock types. 


RADIUM EQUIVALENTS X 10"*PER GRAM 
4 8 


SHALE-AND SILT FREE- SANDSTONE 


SILTY, SHALE-FREE SANDSTONE 


ESTIMATED ORIGINAL PERMEABILITY VERY HIGH 


ESTIMATED ORIGINAL PERMEABILITY HIGH 


ESTIMATED ORIGINAL PERMEABILITY LOW 


ESTIMATED ORIGINAL PERMEABILITY VERY LOW 


Fic. 1. Frequency distribution of radioactivities for 
sandstones of various types. 


The general conclusions regarding the radioactivities of the various 


rock types may be summarized as follows: 
1. Anhydrite, cap rock, salt, coal and chert of nodular or con- 
cretionary origin are all rocks of very low radioactivity, so far as the 
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tests indicate. Bedded or stratified chert, such as the Arkansas novac- 
ulite, may be of much higher radioactivity than the nodular chert. 

2. Limestones, dolomites and pure quartz sandstones are also of 
low radioactivity, and they cannot be distinguished from each other 


by their radioactivity alone. Impurities such as shale, clay, silt and 
organic matter in general increase the radioactivity of these rocks. 


RADIUM EQUIVALENTS X 10"? PER GRAM 


SHALE-FREE LIMESTONE AND DOLOMITE 


SHALES, INCLUDING SANDY AND LIMY SHALES 


MEDIUM TO LIGHT SHALES, FREE FROM SAND 


Ke 
Gj 
« 
Ww. 
a 


BLACK AND GRAYISH-BLACK, SAND-FREE SHALES 


OIL. SHALE, FREE FROM SAND 


Fic. 2. Frequency distribution of radioactivities for 
limestones, dolomites and shales. 


3. The radioactivity of sandstones in general increases with the 
content of minerals other than quartz, with the content of silt, and, 
of course, with an increase in the percentage of shale present. The 
sandstones of lowest radioactivity are those which are clean, well- 
sorted, and composed chiefly of quartz, such as the Simpson sand- 
stones of Oklahoma. 
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TABLE II. AVERAGE RADIOACTIVITIES OF VARIOUS LITHOLOGIC TYPES 








Average radio- 





No. activity in 
Lithologic Type of radium equiva- 
Samples lents per gram 
X10-2 
1. All shales, including sandy shales 164 16.2 
2. Medium to light gray shales, neither sandy nor calcare- 
ous. 17 11.3 
3. Medium to light gray shales, not calcareous, but sandy. 18 9.0 
4. Dark to black shales, neither calcareous nor sandy 74 22.4 
5. Dark to black shales, not calcareous, but sandy 16 13.2 
6. All sandstones, including shaly sandstones 131 5-3 
7. All sandstones, excluding shaly sandstones, but includ- 
ing silty types 105 4.9 
8. Sandstones, free from silt and shale 76 4.1 
9. Sandstones, silty but not shaly 26 7.3 
10. Shaly sandstones 40 7.0 
11. Granite wash 10 6.9 
12. Siltstone II 10.3 
13. Marls and limy shales of light shades 16 6.8 
14. Marls and limy shales, dark 10 8.8 
15. Marls and limy shales, grayish-black and black 3 16.5 
16. Estimated original permeability of sandstone before 
cementation: 
Very high 35 2.9 
High 37 Sak 
Low 40 6.6 
Very low 24 7.8 
17. Shale-free limestones and dolomites 64 4.1 
18. Microcrystalline to earthy limestones and dolomites of 
medium to light shade 28 4.0 
19. Finely to coarsely crystalline limestones and dolomites 
of medium to light shade 24 a0 
20. Effect of shade in shale-free limestone and dolomite: 
A. Light gray to white 30 a3 
B. Medium shade 22 4.1 
C. Dark to black 10 6.1 
21. Medium to light shade, shale-free limestone 33 3.8 
22. Medium to light shade, shale-free dolomite 21 4.2 
23. Sand and shale 9 13.5 
24. Black and grayish-black shale 40 26.1 





4. Mixtures of sandstone, lime and dolomite are about as weakly 
radioactive as the pure types. No difference in radioactivity in the 
samples was found between uncemented sands and sandstones ce- 
mented with carbonates and silica, or between porous and non-porous 
limestone and dolomite. ° 

5. Arkoses and granite wash are more radioactive than quartz 
sand, but less radioactive than the average shale. 

6. Because of the effect of silt and shale on the radioactivity of 
sandstones, there is a marked relation between the original permea- 
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bility of the sand and its radioactivity. However, changes in per- 
meability due to cementation do not appear to affect their radio- 
activity; what influences the results is the original permeability 
before cementation. Fig. 1, C-F, shows how the frequency distribu- 
tion of radioactivities is affected by the original permeability as 
estimated roughly by the writer. These figures are constructed by 
dividing all the sandstones into four classes according to their esti- 
mated original permeability. As Fig. 1, C-F shows, there is a marked 
concentration of low radioactivities in the class estimated to have the 
highest original permeability. The average radioactivities of the four 
classes also show this effect, being, in decreasing order of permeability, 
2.9, 5.1, 6.6 and 7.5 units. This result helps to explain the marked 
agreement between the self-potential curves of the electrical logs and 
the curves of radioactivity obtained in gamma ray well logging. It 
should be understood, however, that this relation is best exhibited 
only where there is little cementation and little or no lime and dolo- 
mite, as in the Cenzoic strata of the Gulf Coast. 

7. Another general rule is that the darker the shade of a rock, the 
greater its radioactivity. As Table II indicates, this is true of shales, 
limestone, dolomites and marls. However, it does not apply to rocks 
stained dark by oil or asphalt. As explained in a later paper, this in- 
crease in radioactivity as the shade grows darker is probably related 
to the increase in organic matter. Thus, as Fig. 2E indicates, oil shales 
have a higher radioactivity than any other sedimentary rock of which 
a large number of samples has been tested. 

8. The common rocks possessing high radioactivity are shale, 
volcanic ash, and bentonite. The very marked maxima above the 
normal for shales, which frequently appear on radioactivity logs in 
sedimentary rocks, are generally due to oil shale, bentonite or volcanic 
ash. 

g. Strata composed of mixtures of rocks of high and low radio- 
activity generally show intermediate values. Interbedded sand and 
shale appear, however, to be an exception to this, since they show a 
radioactivity nearly as great as that of shale. Siltstones show a radioac- 
tivity much greater than that of sandstone, though less than the 
average for shale. 

Further tests on bentonite and volcanic ash are needed, as only 
four samples of these rocks were available for determination. The 
results of these four tests were 17.4, 13.5, 7.2 and 29.6 units. 

Another promising field for future investigation is the radio- 
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activity of phosphate and vanadium deposits in sediments. The well- 
known association of vanadium and uranium suggest that radioac- 
tivity surveys might possibly be helpful in finding deposits of the 
former metal. While no chemical analyses were made of the rocks 
whose radioactivities were determined, three tests were made of the 
reputedly phosphatic concretions in the thin black shales associated 
with the Oolooga and Checkerboard limestones in the vicinity of 
Tulsa, Oklahoma. These concretions showed radioactivities of 158, 
220 and 104 units, which are higher than those of any other natural 
objects measured. The rock of highest radioactivity was a black shale 
found over coal No. 2 in Western Illinois, which showed a radioactiv- 
ity of 80.4 units. A phosphatic limestone from the Ordovician of 
Kentucky showed a radioactivity of 8.3 which is much above the aver- 
age for a limestone. 

A discovery of considerable possible importance is that some oil 
field waters may make deposits of extremely high radioactivity, 
compared with the average sedimentary rock. Thus, waters produced 
with the oil in the Barbers Hill Pool, Chambers County, Texas, de- 
posit on the ground over which they flow precipitates having radio- 
activities of 2050 to 4550 units. Similar deposits apparently occur in 
the wells and the possibility that waters ascending through fractures 
have made similar deposits in the rocks must be considered. However, 
it is only waters of abnormally high radioactivity which can produce 
such deposits. The ordinary type of connate water found in oil wells 
does not make highly radioactive deposits and has little or no effect 
on radioactivity logs. 

The high radioactivity of sample 53, which tests 53A-D show is 
concentrated in the very fine portions, may have been introduced by 
contamination with some artificially produced precipitate. 


APPLICATION OF THE RESULTS OF SAMPLE TESTS TO THE 
INTERPRETATION OF RADIOACTIVITY WELL LOGS 


The general methods of interpreting radioactivity logs have been 
discussed by the writer elsewhere.!' Most of the applications of ‘the 
results of the present investigation to the interpretation of radio- 
activity logs are too obvious to need mention, and many others are of 
primarily local geologic interest. It should be noted, however, that 
diagrams showing frequency distribution, such as those given in Figs. 


11 William L. Russell, Well Logging by Radioactivity, A.A.P.G. Bulletin, Vol. 25, 
No. 9, 1941, pp. 1768-1788. ‘ 
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1 and 2, may be used to show with what success two rock types may 
be distinguished on the basis of the radioactivity alone. If the fre- 
quency distribution of the two types is very nearly the same, as in the 
case of limestones and dolomites, they can not, of course, be distin- 
guished. If the frequency diagrams show no overlapping, they can be 
easily distinguished, while if the distribution is for the most part dif- 
ferent, but shows a small amount of overlap for certain radioactivities, 
the rocks may generally be distinguished, though there will be a small 
number of cases in which no distinction can be made. 

After a few radioactivity logs have been run in an area the charac- 
teristic expression of the various formations becomes understood, 
with the result that interpretation is greatly simplified. However, de- 
tailed studies of radioactivity logs in limited areas do not exhibit 
the true range in the values for the different rocks. For example, the 
knowledge that in a certain area dolomites were all more radioactive 
than limestones might lead one to suppose that this was true every- 
where. Thus, a study of the sample determinations should assist in 
distinguishing local peculiarities in the distribution of radioactivity 
from features of general occurrence. 

The element radium has received so much publicity that it is 
natural to assume that the elements of the uranium-radium series are 
largely responsible for the gamma rays which are measured in radio- 
activity logging. The commercial value of the logs is due chiefly to 
their ability to distinguish shales from sandstones and other weakly 
radioactive rocks. The difference betwen shales and sandstones or 
limestones due to the members of the uranium-radium series is only 
about 0.4 to 0.7X10~-” radium equivalents of gamma ray intensity, 
while the difference due to potassium alone is 2.0 to 3.0 units. Thus it 
is quite likely that radioactivity logs would have been a failure if they 
had had to depend on the radioactivity of the uranium-radium series 
alone. 


INVESTIGATION OF THE VALUE OF SURFACE RADIOACTIVE SURVEYS 


Radioactivity measurements of samples are especially useful for 
estimating the probable value of surface radioactivity surveys. Where 
mineral deposits are radioactive or associated with radioactive ele- 
ments, the value of surface radioactivity work is obvious. The im- 
portant problem is to decide how useful the radioactivity measure- 
ments at the surface will be for general structural and stratigraphic 
work. There is, of course, no need for radioactivity surveys where the 
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stratigraphy and structure may be worked easily and rapidly. Fur- 
thermore, surface radioactivity measurements are useless for mapping 
formations concealed beneath deposits of materials transported from 
elsewhere, such as alluvium, wind blown sand, loess and glacial till. 
There are four general ways in which radioactivity measurements at 
the surface may be of value: (1) Where the radioactivity of certain 
formations or beds is uniform over considerable areas, isolated meas- 
urements of their radioactivity may help to identify them; (2) In 
thick uniform formations certain key beds may be identified and 
traced by their abnormal radioactivity; (3) The radioactivities may 
be plotted beside a stratigraphic column and correlated like a well 
log; and (4) in areas of deeply weathered residual soils the stratigraphy 
of the underlying formations may be mapped by plotting the areal 
variations in the radioactivity of the weathered products. 

The area of lower Mississippian limestones in southwestern Ken- 
tucky and adjacent parts of Tennessee affords a good example of the 
last condition. These limestones underlie a gently rolling plain in which 
the few exposures of the bed rock are likely to be so similar litho- 
logically that they reveal nothing of the stratigraphy or structure. On 
the other hand, there are many exposures of reddish residual clays 
derived from the weathering of the underlying limestone. If it could 
be established that the red clays derived from any horizon or forma- 
tion were of distinctive radioactivity, surface radioactivity surveys 
would probably be the easiest way of mapping the stratigraphy of the 
area. The first step in determining the prospects of this method is 
clearly testing the radioactivity of the residual clays derived from 
various horizons in the section. Accordingly, a set of 15 samples was 
collected across the strike of the strata in this belt along highway 41 W 
between Hopkinsville, Kentucky, and Clarksville, Tennessee. The 
radioactivity determinations of these rocks are listed opposite serial 
numbers 492-506 of Table III and the results are also plotted graph- 
ically in Fig. 3. The distance from Hopkinsville of the locality where 
the sample was collected is plotted along the horizontal axis in Fig. 3, 
while the amount of radioactivity of each sample is plotted vertically. 
The line drawn through the plotted points is, of course, merely to aid 
in visualizing the variations. The strata yielding clays whose radio- 
activities are shown on the left hand side of Fig. 3 belong chiefly to the 
St. Genevieve formation of lower Mississippian age, while the clays 
whose radioactivities are shown towards the right are derived from 
the underlying St. Louis limestone. It is obvious that there is a central 
belt in which the radioactivities of the clays are low between two belts 
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in which the radioactivity is high. Although the maximum variation 
between the low and the highs is only about 3 units, it is clear that the 
general features of this curve are real and not due to chance variations 
in the measurements, for the radioactivity of each sample was deter- 
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Fic. 3. Profile of radioactivity of residual clays between Hopkinsville, Kentucky, and 
Clarksville, Tennessee. 


mined 4 times and every set showed a central depression between the 
two highs. 

The method of sampling these clays should be clearly understood 
since it may affect the result. Each sample is a mixture of the clay 
from several square feet of the exposure. Oly undisturbed exposures 
were sampled, and any large pieces of chert were removed. In spite of 
these precautions it is possible that the collection of a vast number of 
samples from the same traverse would reveal that the central depres- 
sion of Fig. 3 was due to irregular variations in radioactivity of the 
clays. In other words, there is danger of misinterpretations due to 
insufficient sampling. 

If this belt of clays of low radioactivity follows the outcrops of 
certain strata in the underlying limestones, as is quite likely, the 
stratigraphy of the country could be partially mapped very rapidly 
by surface radioactivity measurements. Thus this preliminary inves- 
tigation of the variations in the radioactivity of residual clays shows 
two encouraging features: the clays show real variations in radio- 
activity and there is a suggestion that such variations may be used in 
mapping structure and areal geology. 
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TABLE III. List oF RADIOACTIVITY DETERMINATIONS OF SAMPLES 








~ Locality 


Formation 


Description 


Radioactivity in 
iomued of 10-2 

rams of Radium 
per Gram of Rock 





Calyx No. 46 

Depth 460-465 
Barrackpore No. 308 
Se 1665-75 
T.P.D.P.S. No. 261 


mo 

Calyx No. 41 
ln 

ayoro No. 6 
3089-3112 
Mayoro No. 6 
3503-15 
T.N.A. Montserrat 
Ne. I 1362-72 

T.N.A. Meatocrat 
No. 1 1321-51 
Guaybo No. 2, 3705-3725 
Guarico, Venezuela 
Guaybo No. 2, 3825-3831 
Guarico, Venezuela 
Guaybo No. 2, 4101-4121 
Guarico, Venezuela 
Guaybo No. 2, 4197-4217 
Guarico, Venezuela 
Guaybo No. 2, 4497-4518 
Guarico, Venezuela 
Guaybo No. 2, 4518-4533 
Guarico, Venezuela 
Guaybo No. 2, 4458-4478 
Guarico, Venezuela 
Guaybo No. 2, 4458-4478 
Guarico, Venezuela 
Guaybo No. 2, 4498-4518 
Guarico, Venezuela 
Guaybo No. 2, 4498-4518 
Guarico, Venezuela 
Guaybo’ No. 2, 4570-4590 
Guarico, Venezuela 
Guaybo’ No. 2, 4570-4590 
Guarico, Venezuela 
Guaybo No. 2, 4742-4762 
Guarico, Venezuela 
Guaybo No. 2, 4742-4762 
Guarico, Venezuela 


Guaybo No. 2, 4892-4912 
Guarico, Venezuela 
Guaybo No. 2, 4882-4912 
Guarico, Venezuela 
Guaybo No. 2, 5117-5136 
Guarico, Venezuela 
Guaybo No. 2, 5102-5117 
Guarico, Venezuela 
Guaybo No. 2, 5170-5189 
Guarico, Venezuela 


Guaybo No. 2, 5470-5481 
Guarico, Venezuela 


Guaybo No. 2, 5470-5481 
Guarico, Venezuela 
Guaybo No. 2, 6165-6175 
Guarico, Venezuela 
Guaybo No. 2, 6253-6270 
Guarico, Venezuela 


Forest sand 
Forest clay 
Cruse clay 
Cruse sand 
Mayoro clay 


Mayoro sand 


Samples 1 to 8 are from wells in Trinidad 


Extremely fine, silty light gray 
calcareous sand 
Light gray, silty clay 


Rather dark gray clay 


Extremely fine, silty, gray, cal- 
careous sand 
Rather light gray, silty clay 


Missing 


Dark gray, silty, calcareous 
clay 

Coarse, fine, silty, shaly, cal- 
careous, dark gray sand 

Dark gray shale 


Dark gray shale 

Dark gray shale 

Dark gray shale 

Sand, light brown, coarse grained 
Light gray, silty shale 


Sand, coarse to fine, brown, oil 
stain 

Coarse to fine, light grayish- 
brown, slightly calcareous sand 
Extremely fine, grayish-white 
sand or silt 

Dark gray shale 


Rather coarse grained, grayish- 
white sand 

Dark gray shale slightly cal- 
careous 

Brown, fine grained sand 


Fine gravel and coarse sand 
mixed with slightly bitumi- 
nous dark gray shale 

Coarse to fine brown, clean 
sand 

Clean, brown, medium fine 
sand, in part calcareous 
Coarse to fine, brown, calcare- 
ous sand 

Dark gray, shaly and silty, cal- 
careous sand 

Very fine, rather dark gray, 
silty argillaceous sand, non- 
calcareous 

Very fine, rather dark gray, 
silty, argillaceous, slightly cal- 
careous sand 

Dark gray to grayish-black, 
silty and sandy shale 
Very coarse, clean, 
white sand 

Very coarse to fine, pebbly, 
clean, white sand 


pebbly, 





* Standard deviation of samples 50 to 510 is indicated by figure after + sign. 
Standard deviation of samples 1-50 is 2-3 units. 








TABLE []I—Continued 
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Radioactivity in 


Equivalent of ro~* 





a og Locality Formation Description Grams of Radium 
. per Grams of Rock 
32. Guaybo No. 2, 6293-6313 Very coarse to medium, pebbly 2.7 
Guarico, Venezuela white sand 
33- Guaybo’ No. 2, 6333-6352 Very coarse sand, in part peb- 6.7 
Guarico, Venezuela bly, with some white, clay-like 
cement between grains 
34. Guaybo No. 2, 6366-6378 Very fine, silty, light gray sand, 9-7 
Guarico, Venezuela with some argillaceous material 
35. Guaybo No. 2, 4802-4822 Dark gray shale 21.2 
Guarico, Venezuela 
36. Guaybo No. 2, 4842-4882 Dark gray, silty shale 21.3 
Guarico, Venezuela 
37. Guaybo No. 2, 4912-4932 Very fine, light brown sand 5.8 
Guarico, Venezuela 
38. Guaybo No. 2, 4972-4990 Dark gray, sandy shale, slightly 8.0 
Guarico, Venezuela calcareous 
39. Guaybo No. 2, 4702-4722 Dark gray shale 1534 
Guarico, Venezuela 
40. Guaybo No. 2, 4600-4707 Grayish-black shale 23.6 
Guarico, Venezuela 
41. Guaybo’ No. 2, 4399-4418 Dark gray shale, slightly cal- 16.7 
Guarcio, Venezuela careous 
42. East Texas Woodbine sand Soft, porous gray sand, medium 3.3 
sized grains, clean 
43. East Texas Volcanic ash Greenish-gray volcanic ash, 17.4 
(probably asso- slightly calcareous 
ciated with 
Woodbine). 
44. Old Orchard Presumably Yellow sulphur and gray to <2 
Cap Rock dark gray crystalline calcite 
45. High Island Cap Rock Gray, rather coarsely crystal- <2 
line anhydrite 
46. Fannett Cap Rock Gray, crystalline anhydrite 2.0 
47. WildcatofGardner Petroleum Chattanooga Black shale 59.6 
Co.inT.19N., R.2E.Okla. shale 
48. Old Hickory Mine about 4 Pennsylvanian, Black shale 38.8 
miles northeast of Tulsa, just above Daw- 
Oklahoma, from a depth of son Coal 
about 1100’ 
49. Old Hickory Mine about 4 Pennsylvanian, Blue shale 14.9 
miles northeast of Tulsa, just above last 
Okla., from a depth of about 
1100’ 
50. Old Hickory Mine about 4 Dawson Coal, Coal <2 
miles northeast of Tulsa’ Pennsylvanian 
Okla., from a depth of about 
1100’ 
51. Barbers Hill Pool, Chambers Black, with some gray crust, 2050+ 100 
Co., Texas; precipitate found smelling of H:S. Very active 
in ditch about 500’ southeast material. Precipitate forming 
of Mills Bennett Prod. Co., in ditch 
Means No. 4, below barbwire 
fence just east of tanks— 
precipitated by water from 
Texas Gulf Production Co. 
i “B” and McLean 
ease 
52. Barbers Hill Poo'l, Chambers Black, smelling of H:S. Very 3270+ 100 
Co., Texas, precipitate in active material. Precipitate 
ditch about "1,000' northeast forming in ditch. (Test made 
of Mills Bennett Prod. Co. Nov. 1940) 
No. 4 Means, made by waters 
from Mills Bennett Prod. Co. 
Means and Kirby leases. 
52A. Mixture of 1 part 52 and 10 parts salt. Radioactivity of 52 A 414+ 4.2 which gives 





a radioactivity of 4554+ 46 for pure sample 52. Test made July 9, 1941. This test 
age J indicates that the radioactivity of sample 52 has increased with time. 
The first test, made 6 months previously with another counter, gave 3270+ 100 
for sample 52. The difference is probably due to variations in the sample, i.e., 
to errors in sampling, or possibly to variations in the counters. It is also possible 


that the radioactivity has increased. 
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’ Radioactivity in 
Serial Locality Formation Description — Eh dg 


No. 
per Gram of Rock 


53. Barbers Hill Pool, Chambers Light gray, fine sand, contain- 43-943 
Tertiary Co., Texas. Sand ing 5% est. of darker minerals 
washed from 4216 to 4228 by —the remainder looks like 
circulating fresh water ny 
Sample 53 was sifted in an automatic shaker, and the fractions of different de- 
grees of fineness measured. sepbiarlete 
Portion of 53 which is over 70 mesh=1.4 mm. or .0055 in. in diameter 18.04 2.4 
B. Part of 53 which is <70 mesh, 1.4 mm. or .0055 in., and >100 mesh =.104 mm. 33-642.1 
=.004 in. in diameter ; 
. Part of 53 which is <100 mesh =.104 mm. =.004 in and >140 mesh =.074 mm. 70.143.3 
=.0029 in. in diameter : ; 
Part of 53 which is <140 mesh=.074 mm. =.0029 in. in diameter 1380+ 30 
Barbers Hill Pool, Chambers Tertiary Fine, gray sand, with slight 7.643 
Co., Texas. Depth 4798 to greenish aspect 





821 
Deabes Hill Pool, Chambers Tertiary Fine, silty, greenish-gray sand 9-142.5 
Co., /Texas. Depth 4824 to 


4) 
arbers Hill Pool,Chambers Tertiary Light greenish-gray sandy 6.543 
Co., Texas. Depth 3582 to limestone 


359 
7 Hill Pool, Chambers Tertiary Light greenish-gray sandy 6.543 
Co., Texas, 3572 to 3582 : limestone 
Barbers Hill Pool, Chambers Tertiary Fine sand 6.543 
Co., Texas, 3745 to 3755 , : ’ 
Barbers Hill Pool, C bers Tertiary Fine greenish-gray sand and 11+3 
Co., Texas, 4575 | ; ee silt 
Depth 4515 ft., Means Field, Big Lime Coarsely talline, brown 2+2. 
Andrews Co., Texas Producing Permian dolomite, rather porous 
dolomite, not on reef d 
Same Big Lime Same but not porous 3-742.2 
Permian 
Depth 4387, Sand Hills Pool, Big Lime Dary gray, porous dolomite 4-5£2.5 
Crane Co., Tex. Producing Permian 
dolomite from a_ horizon 
about 1800 ft. below top of 
e 

Same Big Lime Same but not porous 
F Devel t 2 Bae Laan Light finel Hi 

orest evelopmen ‘o. Big Lime ght gray, ely crystalline 
sage No. 1, Ector Co., Permian dolomite, with a few coarse 
Tex., depth 4392 ft. Permian crystals; non-porous 
dolomite, non-producing, 
from wildcat south of Foster, 
and roughly 5 miles south- 
west of Odessa Ai 
Texas Co., I.B. Ogg No. 6 Big Lime Brown, highly porous dolomite, 
Cooper Pool, Lea County, Permian filling spaces between silicious 
— Sec. 35, 1.2458, Capitan Reef nodules with concentric struc- 

. 360 E. ture 
Oilor gas producing Permian Big Lime Per- Rather light brownish, gray, 
dolomite, from reef in the mian, Capitan finely to coarsely crystalline, 
Cooper or Eunice Pools, Lea Reef highly porous dolomite 
Co., New Mexico. (No better 
information available.) 
Dawson coal from depth of Pennsylvanian Black, shiny coal 
1100’ in Old greed Mine, 
about 4 miles northeast of 
Tulsa, Okla., the same as 
— No. 50 
Coal from Briartown, T. 
10N., R. 19 E., Haskell Co., 
Okla 


Poteau Coal, Leflore Co., Pennsylvanian Black coal, in part with git 
Oklahoma dull luster; reported to a 
semian 


Pennsylvanian _ Black, shiny coal 


e 
a eray, af gromgen shale 
ard, dense dark gray to gray- 
ish-black shaly calcareous silt 
stone 
Light gray, shaly limestone or 
marl 
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Radioactivity in 
Equivalent of ro 


Description Grams of Radium 


Formation 


per Gram of Rock 





From Freeport Sulphur Co. 


From Freeport Sulphur Co. 


Union Producing Co. Robi- 
nett No. 3, Depth 4874-78, 
Core A, Sec. 19, 10 N. 2 W, 
Tinsley Field Yazoo Co. 


Miss. 
Same well and depth, Core B 


Same well, same depth 


Robinett No. 4, depth 4882- 
87, Core A 
— well, same depth, Core 


Union Producing Co. J. G. 
Harris No. 2 Core 4889 to 
48924, Tinsley Field, Yazoo 


‘0., Miss. 
Same well, depth 48923-48093 


Same well, depth 4908-4909 
Same well, depth 4909-4910 


Union Prod. Co. Childer No. 


I 4879-4880 
Same well, depth 4881-48814 


Union Producing Co. 


Same well, depth 4954-49543 


Same well, depth 49544- 
49574 

Tidewater Assoc. Oil Co. No. 
38, Estes Pool, Ward Co., 
West Texas 

Burnett Pool, Ellis Co., Kan- 
sas, Sec. 12, T. 11 S., R. 18 
W. 3343-3400 ft. 

Same well, 3343-3380 ft. 


6-6N, 6E, Okla. Depth 4438- 
4447 


Depth 4433-47, Sec. 6, 6N, 
4E, Okla. 
Oklahoma 


Oklahoma 

7-6S, 12W Posey Co. Indi- 
ana, depth unknown 

34-5 S, 6E, Illinois, depth un- 
known 

6-18-S, roW, Kansas 3022-27 
Sec. 6, 10 S., 1o W Kansas, 
depth 33044-07 


Cap Rock asso- 
ciated with sul- 
phur ore 
Sulphur ore in 
Cap Rock 


Woodruff sand 


Woodruff sand 
Woodruff sand 
Woodruff sand 
Woodruff sand 
Woodruff sand 


Woodruff sand 


Woodruff sand 
Woodruff sand 


Woodruff sand 
Woodruff sand 


Woodruff sand 


Woodruff sand 
Woodruff sand 


In Permian pro- 
ducing dolomite 


Arbuckle lime- 
stone 


Arbuckle lime- 
stone 


Brownish-black, finely lami- 
nated shale 

Hard, dark gray, calcareous 
shale 

Probably volcanic ash, light 
gray or grayish-white 

Light to dark gray, very por- 
ous, brecciated limestone, cut 
by many calcite veins 
Coarsely crystalline, light gray 
limestone, with numerous ir- 
regular masses of sulphur with- 
in limestone and also lining 
vugs 

Greenish-gray, medium soft 
very fine to medium fine sand 


Greenish-gray, medium soft 
very fine to medium fine sand 
Hard, dense, highly calcare- 
ous, gray sand 

Hard, dense, highly calcare- 
ous gray sand 

Soft, brownish oil sand 


Soft, brown, porous oil sand 


Hard, dense, sandy, gray lime- 
stone 

Soft, porous, brownish oil sand 
Hard, dense, gray calcareous 
sandstone 

Hard, dense, gray calcareous 
sandstone 

Soft, porous brown oil sand, 
containing shells and limy 
particles 

Rather hard and dense light 
brownish-gray, calcareous sand- 
stone 

Rather soft, porous, grayish- 
brown oil san 

Hard, dense, gray calcareous 
sandstone 

Gray, brown, and reddish-brown 
fairly hard, silty, very fine 
sandstone 

Hard, dense, light colored 
dolomite 


Hard to soft, porous brown 
dolomite, gives a strong odor of 
oil when crushed 
Coarse-grained, gray sand- 
stone, slightly calcareous and 
smelling slightly of oil ; 
Greenish gray, sandy or silty, 
calcareous shale : 

Very fine, silty grayish-brown, 
sandstone 

Grayish-black to black shale 
Grayish-black, sandy, calcare- 
ous shale 

Very fine, light gray sandstone, 
well sort , 

Gray, dense, shaly limestone 
Light gray, finely crystalline 
dolomite 
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21-24 N, 4 W, Okla., depth ‘‘Wilcox sand,’ Fine, white, well sorted sand, <2 

6323-26 Ordovician with clear grains 

Oklahoma Black sandy shale with thin 6.0+2.1 
streaks of sandstone 


Residual chert found at sur- Boone chert, Light gray, hard chert 2.1+1<8 
face from various horizonsin Lower Miss. 
Boone chert of lower Missis- 
sippian Age, near Grand 
River Dam in N.E. Okla. 
Residual chert found at sur- Light gray, hard chert 
face from various horizons in 
Boone chert of lower Missis- 
sippian Age, near Grand 
River Dam in N.E. Okla. 
Residual chert found at sur- Light gray, hard chert 
face from various horizons in 
Boone chert of lower Missis- 
sippian Age, near Grand 
River Dam in N.E. Okla. 
Residual chert found at sur- Light gray, hard chert 
face from various horizons in 
Boone chert of lower Missis- 
sippian Age, near Grand 
River Dam in N.E. Okla. 
Residual chert found at sur- Light gray, hard chert 
face from various horizons in 
Boone chert of lower Missis- 
sippian Age, near Grand 
River Dam in N.E. Okla. 
Residual chert found at sur- Boone chert, Light gray, hard chert 
face from various horizonsin Lower Miss. 
Boone chert of lower Missis- 
sippian Age near Grand 
River Dam in N.E. Okla. 
Sylvan shale from marked Sylvan shale Dark greenish-gray shale 13. 22°2.1 
exposure on highway north of 
Ardmore and about 5 miles 
south of Davis, Oklahoma 
Van Field, Texas, Jarmon 37, Very soft, well-sorted friable 3.643. 
2015-2925’ clean, brown sand 
Van Field, Texas, 1135-55’ Fine, greenish-gray, very soft 6.3+%. 
and friable brown sand. Green- 
ish material may be volcanic 
ash, or possibly glauconite 


Van Field, Texas, 2616-2624 Chiefly reddish brown clay 11.4+1.8 
ft. with a little gray clay 


Van Field, Texas, 2785-2805 Medium hard, greenish mate- 7.2£1.8 
rial with medium sized grains— 
looks like volcanic ash. 
Texas Co. Ogg lease, Cooper Presumably Salt water After being con- 
Pool from Permian centrated 200 to 
dolomite or 300 times by boil- 
Reef which is ing to salt gave 
the main pro- 10.3+0.7. more 
ducing horizon counts than back- 
ground with beta 
ray counter 


Texas Co. Ogg lease, Cooper Presumably Oil, containing a small amount After being con- 
Pool from Permian of salt water as emulsion centrated about 
dolomite or 400 to 500 times 

Reef which is by distilling and 

the main pro- burning part of 

ducing horizon the coke, the resi- 

due gave 2.6+0.7 

more counts per 

minute than 

background with 

beta ray counter 
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118. Mac T. Anderson #1 Sec. 1, Dog Canyon Hard, dense, light gray, sandy <2 
17S, 29E, Eddy County, New (Greyburg) sec- limestone 
Mexico, depth 2200-2300 tion overlying 
San Andres 
limestone; 
Permian 
119. A well at Laqunillas, Lake Eocene Dark gray shale, slightly sandy 13.2£1.-§ 
Maracaibo, Venezuela, depth 
1754-1760 ft. 
120. Same well, depth 1754-1769 Eocene Medium hard, very fine, brown 8.14+1.8 
ft. — slightly shaly (95% 
ss. 
121. Same well, depth 1900-1920 Eocene Hard, dense, brownish gray, 9.0+1.8 
ft; very fine ss., in part slight! 
calcareous, interbedded wit! 
a few thin streaks of dark gray 
shale. (95% ss.) 
122. oo well, depth 1900-1920 Eocene Grayish-black shale 18.3+1.8 
a 
123. Same well, depth 2022-2044 Eocene Hard, fine, silty, dark brown, 6.3+1.8 
ft. —s ss. smelling slightly 
of oi 
124. A well at Lagunillas, Lake Eocene Dark gray to grayish black $5.723-2 
Maracaibo, Venezuela, depth shale 
soconanas ’ ‘ ; 
125. Same well, depth 2144, 2165’ Eocene Medium soft, silty, fine, brown- 6.0+1.8 
ish, earthy ss., with irregular 
streaks of shale 
126. Same well, depth 2144-2165’ Eocene Dark gray to grayish-black 14.4+1.8 
‘ shale, in part silty 
127. Same well, depth 2266-2286’ Eocene Slightly calcareous, very fine, 4-5+1.8 
silty, brownish-gray, shaly, 
hard, dense sandstone 
128. Same well, depth 2266-2286’ Eocene Grayish-black shale 9.9+1.8 
129. Same well, 2266-2286’ Eocene Brownish-gray, hard silty shaly 3-641.8 
ss. 
130. Same well, depth 2386-2406’ Eocene Dark gray to grayish black 12.64+1.8 
shale, with a few very thin 
streaks of sand (97% sh.) 
131. Same well, depth 2505-2525’ Eocene Dark gray shale 10.2+1.8 
132. Same well, depth 2640-2660’ Eocene Hard, fine, brownish gray, 3.0+1.8 
slightly argillaceous ss. 
133- Same well, depth 2780-2799’ Eocene Grayish-black to black shale 14.7£1.8 
134. Same well, depth 2936-2955’ Eocene Grayish-black to black shale 9.9+2.1 
135. Same well, depth 2975-2995’ Eocene Hard, very fine, silty and shaly, 3-941.8 
ae sg a ss. 
136. Same well, depth 3035-3047’ Eocene Hard, very fine, silty, slightly 5.1+1.8 
. shaly, brownish-gray ss. 
137. Same well, depth 3035-3047’ Eocene Dark gray to grayish-black ¥4.5£2-2 
shale, in part silty 
138. Same well, depth 3125-3144’ Eocene Hard, brownish-gray silty ss. 3-3£1.8 
139. Same well, depth 3125-3144’ Eocene Dark gray to grayish-black 14.442.4 
; shale, in part sandy 
140. A well at Lagunillas, Lake Eocene Hard, silty, brownish-gray 6:47.% 
Maracaibo, Venezuela, depth sandstone, in part shaly, in part 
3179-3197 calcareous 
141. Same well, depth 3197-3214’ Eocene Dark gray to grayish black 42.9£2.-% 
shale, in part silt 
142. Same well, depth 3284-3304’ Eocene Grayish-brown, hard, calcare- 10.2+1.8 
ous, rather dense, very fine, 
silty ss. with a few black hydro- 
carbon (?) streaks and some 
rounded tan concretions 
143. Same well, depth 3360-3380’ Eocene Grayish-black shale, in part 13.842.1 
silty 
144. Same well, depth 3380-3397’ Eocene Hard, rather dark gray, very 6.0+1.8 
fine, calcareous, slightly shaly 
ss. 
145. Same well, depth 3450-3466’ Eocene Dark gray to grayish black 13.5+1.8 


shale, in part silty 
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146. 


Same well, depth 3466-3478’ 


Same well, depth 3585-3492’ 


Same well, depth 3590-3600’ 
Same well, depth 3590-3600’ 
Same well, depth 3736-3751’ 


A well at Lagunillas, Lake 
Maracaibo, Venezuela depth 
3736-3751" 

Same well, depth 4048-4061’ 


Same well, depth 4048-4061’ 


A well in the Mene Grande 
ield, Venezuela, depth 

3240-3280’ 

Same well, depth 3280-3322 


Same well, depth 3350-3380 
Same well, depth 3412-3480 
Same well, depth 3602-3620’ 
Same well, depth 3668-3738’ 
Same well, depth 3738-3871’ 
Same well, depth 3921-3905’ 
Same well, depth 4105-4115’ 
Same well, depth 4221-4231’ 
Same well, depth 4231-4346’ 
Same well, depth 4401-4411’ 


Same well, depth 4543-4597 
“Trans. zone, sand 1” 

A well in the Mene Grande 
Field, Venezuela 

Sand 2” depth 4597-4610 


Same well, 4597-4610 ‘‘S-1-2 
shale break” 


Same well, 4597-4610 


Same well, 4650-46509 “‘S 2-3, 
—_ break” . 

ame well, depth 4692-4712 
“Sand 3” pth 4092-47 
ns depth 4752-4772 


and 3-4 
6-6N-6E, Okla., depth 4447- 


59 
From Ky-Ill. fluor spar mining 
district 


Garnder Petroleum Co. Low- 
rie No. 3, West of Stillwater, 
Okla. depth 4514’ 

Same Well 4516’ 

Same Well 45184 

Same Well 4520 


Eocene 


Eocene 


Eocene 
Eocene 
Eocene 


Eocene 


Eocene 
Eocene 


Eocene 


Eocene 


Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 
Eocene 


Eocene 


Eocene 


Eocene 
Eocene 
Eocene 
Eocene 
Eocene 


Fluorite vein 


Cherokee shale 


Cherokee shale 
Cherokee shale 
Cherokee shale 


Medium, hard, brownish gray, 
oil stained ss. cleaner, better 
sorted and less shaly than ss. 
found at shallower depths in 
this well. 

Brownish-gray, medium hard, 
clean, fine ss., with a few specks 
of a black mineral 

Hard, dense, gray, shaly and 
silty, calcareous ss. 
Grayish-black shale, with a few 
thin sandy streaks 

Hard, fine, gray ss., with a few 
thin streaks of dark gray shale, 
apparently about 95% ss. 
Lg gray to grayish-black 
shale 


Very hard and dense, fine light 


gray ss. 

Black shale with streaks of hard 
and dense, dark gray, silty and 
— ss., apparently 80% shale, 
20% ss. 


Soft, dark gray, slightly silty 
shale 


Hard, clean, well sorted, rather 
coarse-grained, medium porous 
ss., in part oil stained 

Dark gray, rather soft shale 
Rather soft, jet black shale 
Rather soft, jet black shale 
Rather soft, grayish-black shale 
Rather soft, black shale 

Dark gray to grayish black shale 
Rather soft, black shale 

Black Shale 

Dark gray, sandy shale 
Grayish-black shale and dark 
gray, shaly sandstone 

Very hard and dense, gray fine- 
grained sandstone or quartzite 
Dark gray, shaly ss., very hard, 
dense 

Hard, dense, fine, silty, gray 
sand, with milky cement be- 
tween grains 

Hard, dense, gray, silty, fine 
sandstone, with some inter- 
bedded reddish-brown shale 
Grayish-black shale with hard, 
dense, dark gray siltstone 
Hard, dense, fine, brownish 
gray sandstone 

Hard, gray sandstone, dense, 
in part shaly 

Hard, grayish-black shale, with 
a little ss. 

Hard, dense, gray calcareous 
sandstone 

Consists mostly of CaF, with 
some ZnS and a trace of PbS, 
but no CaCO3 

Hard, brittle, jet black shale 


Hard, brittle, jet black shale 
Hard, brittle, jet black shale 
Hard, brittle, jet black shale 


4.8+1.8 
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Gardner Petroleum Co. Low- 
rie No. 3, West of Stillwater, 
Okla., depth 4522 
Same "Well, 45224 


From F. W. Rohwer, Mur- 
phreesboro, Ark. “Sample A” 


Same ‘Sample B” 


Surface outcrop 1.3 miles by 

me West of Spavinaw, 
a. 

Surface exposure o. # miles 

North of Spavinaw, Okla 

Kentucky; submitted by Ky. 

Geol. Survey 


E. Ky. submitted by Ky. 
Geol. Survey 


S. W. Side of hill in Sec. 31, 
T. 21 N., R. 20 E, Oklahoma 


On Highway 77 North of 
Ardmore and on South Flank 


of Arbuckle Mountains, Okla. 


— about 3 feet’ from 

1 

Poms Magnolia Pet. Co., 

#20 State Walton, a wildcat 
miles north of Kermit, 


inkler Co., W. Tex. 


Cherokee shale 


Cherokee shale 


Vein material 
containing small 
amounts of cin- 
nabar 

Same 


Chattanooga 
Shale 


Same 


Cannel coal 
from Pennsyl- 
vania, of Ky. 
Ordovician ben- 
tonite 


Fayetteville for- 
mation Chester 
series, upper 
Mississippian 
Chattanooga or 
Woodford 


Woodford or 

Chattanooga 

Black shale from 
unnamed forma- 
tion of unknown 
age; samples col- 
lected from slush 
pit; black shale 
was found from 
7735-8330 ft. 


Hard, brittle, jet black shale 


Hard, dark gray, massive, non- 
calcareous shale 

Mostly quartz vein material or 
replacement deposit, with 
smal] amount of cinnabar 


Quartzite and vein material 
or replacement deposit, with a 
little cinnabar 

Hard, jet black fissile shale 


Same 


Cannel coal, black, dull lustre, 
low specific ‘gravity 


Light green, with granular tex- 
ture, swells and disintegrates 
when placed in water 

Jet black, hard, thin bedded, 
rather brittle shale 


Hard, dense, chert, black with- 
in, but bleached to tan color 
near cracks and surfaces 
Hard, shale, black 


Jet black, hard, shale 


Samples 192-257 are from Okla. 


Sec. 18-24N, 


20E, depth 
2483-2401 ft. 


Same well, depth 2744-2753 


Same well, depth 2788 
Same well, depth 2845 
Sec. 21, 14 N, 4 W, Okla. 


depth 6324 


Sec. za, T. 23 N, R. 7 E, 
Okla. 1550-1560’ 


Same well, depth 2838 


» $45. Fo 2g Ny R. 13 W, 
Obiaisins depth 8307’ 


Burgess chat 


Meisener 


Simpson 
Arbuckle 
Wilcox sand 
Hogshooter 
Hominy 


Wilcox 


White, rather soft, very fine 
grained chert, with earthy or 
tripolitic appearance 
Very fine, hard, dense, medium 
shade grayish- brown, silty, im- 
pure sandstone, only slightly 
calcareous 
Dense to finely crystalline 
medium to dark gray, hard, 
dense dolomite 
Light gray, fine to medium 
coarsely crystalline, dolomite, 
only very slightly porous 
White, fine, medium soft, clean, 
well sorted, sand with grains in 
part rounded 
Medium shade, 
finely crystalline to yank ee 
= yoy led, 
ark to t gray, mott 
hard, dense, silty, calcareous 


sandstone 

Hard, dense, light And y suey 
a oe 

thin streaks of light pone shale, 
pure as ss. 40%, dark ss., 50%, 
green shale 


25.642.5 


18.8+2.2 


2.7£1.8 


4q02t- 


33-82. 


33-442. 
<2 
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200. 8-23N, 4W, depth 6235 ft. Wilcox Soft, very fine, well-sorted por- 3-S£2.2 
ous, ’ clean sand, grayish-white 
201. 17-20N, 2W 4135-41390 Layton Medium hard, slightly | calcare- 3-742.2 
ous light gray, fine, micaceous 
sandstone 
202. Same well, 4372-87 Shale below Hard, dark gray to grayish- 16.9+2.2 
Hogshooter black’ shale 
203. Same well, 4635-50 Lower Dark gray, hard, shaly, slightly 24.9+ 2.2 
Cleveland calcareous siltstone 
204. Same well, 4559-75 Shale in upper Hard, dark gray shale 22.44+2.2 
Cleveland 
205. Same well, 4665-80 Big limestone Medium shade gray finely crys- 6.5+2.2 
talline, hard limestone 
206. Same well, 4760-4775 Ft. Scott Dark gray to grayish-black 20.64 2.2 
limy shale, with fossil shells 
207. Same well, depth 4994-5009 Lower Cherokee Grayish-black shale, of a shade 19.2+2.2 
distinctly lighter than Chat- 
tanooga shale 
208. Same well, 5016-19 Viola Hard, light gray, rather coarse- 2.5+2.2 
ly ig en limestone 
209. 4-I10N, sE 3215 Bartlesville Very fine, medium hard, silty 9-S£1.2 
micaceous, light gray ss, with a 
— greenish aspect 
210. 28-17N, 4W 3156 Lecompton k brown or chocolate col- 18.4+1.6 
poe rather soft, massive shale, 
slightly calcareous, without 
lamination 
211. Same well, depth 3365-66 Lecompton Hard, dense, medium fine, <2 
clean, grayish white, calcareous 
sandstone 
212. Same well, depth 3457-64 Lecompton Rather dark gray, soft jay 12.8+1.2 
limestone, with slight greenis. 
tint 
213. Same well, depth 39473-58 Oread Dark gray shale, in part silty 17.342.2 
214. Same well, 4162 Lovell Medium shade gray or brown- 9-7£2.2 
ish-gray siltstone 
215. Same well, 4857 Layton Fine gray, medium hard, mica- 7.942.2 
ceous sandstone, slightly cal- 
careous 
216. Same well, depth 5835 Hunton Hard, light: gray crystalline <2 
limestone 
217. Same well, 6104 Simpson Medium shade, gray, finely 7.642.2 
dolomite granular dolomite 
218. 6-16-N-7W, below 7400 Cherokee — —" tough, dark green- 9.74+2.0 
ish-gray 
219. 27-13N-4W, 6812-6825 Cherokee Rather! hard, tough, dark green- 24.2+2.2 
ish-gray shale 
220. Same well, 6825-43 Hunton Hard, brittle, rather light gray, 2.§+2.0 
finely crystalline to dense lime- 
stone 
221. Same well, depth 7295-7301 Simpson Hard, dense, rather light 2.5+2.0 
: dolomite bluish-gray, coarsely crystal- 
line limestone 
222. Same well, depth 7478’ Wilcox Pure white, very fine, hard, <2 
well-sorted, clean sandstone 
with sub-rounded grains 
223. 27-10N-2W 7303 Wilcox As — , except brownish gray <2 
in color 
224. 1-19N-SE 3419-20 Dark gray shale ; 18.0+ 2.2 
225. Same well, depth 3502 Hard, lense, shaly gray silt- 12.2+1.8 
stone 
226. Same well, depth 3505 Dense, gray, silty, slightly cal- 16.2+2.2 
careous, massive claystone 
227. 2-8N-6E, depth 41514 Fine, clean, light brownish, <2 
gray, slightly oil stained sand- 
stone, looking like Wilcox 
228. Sec. 29, 7N-5E, 2840’ Calvin sand Fine, ‘hard, silty, slightly shaly, <2 
gray micaceous sandstone 
229. Earlsboro Hard, slightly calcareous, very 8.642.2 


Ser. 17-7N-4E, depth 3573- 
i 





fine, very: micaceous, rather 
dark grayish-brown, shaly and 
silty sandstone 
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Seri 
No. 


Locality 


Formation 


Description 


Radioactivity in 


yang g of 10712 


ams of Radium 
per Gram of Rock 





229A. 


230. 


231. 


232. 


233- 
234. 


235. 
236. 
237- 
238. 
239. 


240. 


241. 


242. 


244. 


245. 
246. 


248. 


250. 


Section 12, 7N-2W, 7622-32 
Same well, 7668’ 


Same well, 7660’ 


6-6N 4E, 4437’ 


Same well, 4447-50’ 
Same well, 4459-60 


Sec. 18, 5N-8E, 2349-53’ 
No. 1, 28-5N-8E 1785-1790 
3-2N-5W 


6-1S-19W, depth 1755’ 
6-15-19W, depth 2539-49 
Sec. 27-2S-3W, 5036-54’ 


Sec. 27-2S-3W, depth 5421-39 
Depth 7061 


Sec. 27-2S-3W 


Sec. 27-2S-3W depth 7s595- 

7605’ 

rag 28-2S-3W, depth 4963- 
5 

Same well, depth 6017-22’ 


a 28, 2S-3W, depth 6690- 
9 ’ 


Sec. 28, 2S-3W, depth 7030- 
35 


i. 28, 2S-3W, depth 7362- 


Sec. 28-2S-3W, depth 8196- 
8205 


Simpson 


Simpson 


Lower Boggy 


Lower Deese 


Upper Pennsyl- 
vanian 
Pennsylvanian 


Hunton 


Sylvan 


Bromide 


McLish 


McLish 


Dornick 
Hills 
Springer 
Sycamore 


Woodford 


Hunton 


Oil Creek 


Hard, dense, light gray, finely 
to coarsely crystalline limestone 
Very fine grained gray limy 
siltstone, composed chiefly of 
silt, but with a few large 
rounded grains 

Hard, dense, finely crystalline, 
dark gray to grayish-black 
dolomite 

Hard, clean, light brown, cal- 
careous slightly oil-stained 
sandstone, composed of grains 
which are well-rounded or show 
added crystal faces 

Fine, hard gray calcareous silt- 
stone in part brecciated 
Medium coarse, porous, cal- 
careous, clean, rather soft sand- 
stone, with well rounded, 
frosted grains, some of which 
show secondary crystal faces 
Hard, very fine, brownish cal- 
careous sandstone 

Massive, pale, greenish-gray 


shale 
Hard, light gray, dense sand- 
stone, with some streaks of 
hard, compact, light gray finely 
crystalline limestone 

Fine, pale greenish-gray slightly 
silty limestone 

Dark gray or grayish-black 
calcareous shale 

Light brownish-gray, hard, 
dense, mostly very finely crys- 
talline limestone, with many 
fossil shells 

Hard, dense, medium shade 
brownish-gray shale 

Chiefly hard, dense, slightly 
calcareous, grayish-white silt- 
stone, interbedded with light 
greenish-gray shale streaks 
Consists of about 70% of hard, 
dense, calcareous sandstone, 
interbedded with 30% of light 
greenish-gray hard shale 
Chiefly hard, grayish brown 
calcareous  stilstone, _inter- 
bedded with about 5% of 
greenish-shale 

Medium shale grayish-brown 
siltstone 

Soft, grayish-black calcareous 


shale 

Medium shade, silty, gray very 
finely crystalline limestone, 
which looks like cement 
Brownish-black, cherty, hard, 
dense, brittle shale. Most of the 
sample can be scratched with a 
knife, but there are parts which 
cannot. The sample gives off a 
few sparks and a distinct H:S 
odor when crushed. 

Medium. shade, brown, hard, 
microcrystalline, slightly dol- 
omitic limestone 

Medium shade brown, medium 
coarse to finely crystalline and 
microcrystalline limestone, in 
part earthy looking 


<2 
5.8+2.2 


13.0+1.0 


<2 


4-1+2.0 


oo 


ce oe 


12.642. 


Nn 


5-442.2 
8.342.2 
17.642.2 


2.52.0 


12.6+1.6 
3.2£2:0 


6.84 2.2 


7.224.4 


9.02.5 


35.22.5 


36.442.2 
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TABLE I1I—Continued 
: Radioactivity in 
agg Locality Formation Description ee 
per Gram of Rock 
251. 13-2S-3W, depth 3979 Hunton Rather dark brown, finely crys- <2 


talline limestone with a slight 
rosity 
Scaele tough, grayish-black 14.8+2.5 


252. 13-2S-4W, depth 3982 Sylvan 
' ities nner - shale, very dense, with abun- 
dant pyrite 
253. Sec. 32-3S-16W, depth 3177- Canyon Light gray, hard, nonporous <2 
86 limestone, 90% microcrystal- 
line, 10% coarsely crystalline 
254. 32-35-16W, depth 5364-74 Simpson Medium shade, greenish-gray 20.2+2.2 
very hard and dense, slightly 
calcareous shale 
255. Sec. 32-3S-16W, depth 5476- Arbuckle Microcrystalline, hard, dense, <2 
oI dolomite, with very distinct, 


fine laminations and a few 

paper-thin dark shale streaks; 

98% dolomite 2% shale 

256. Sec. 25-4S-15W, depth 2764 Cisco-Canyon Rather light gray, microcrystal- 9.742.2 
line limestone (80%) with 20% 
of light gray coarsely crystal- 
line calcite 

257. Sec. 25-4S-15W, depth 4077 Arbuckle Rather light gray, finely crys- <2 

talline dolomite 


(End of Oklahoma Samples) 


Samples 258-276 are from Kansas 


258. Sec. 3-24S-4W, depth 2840’ Lansing Light gray, microcrystalline, <2 
silty, earthy limestone 
259. Sec. 3-24S-4W, depth 2918 Kansas City Light gray to medium dark 3-242.2 





gray, microcrystalline lime- 
stone, with a few large crystals 
and a few shale streaks; 90% 
non-shaly 
260. Sec. 3-24S-4W, depth 3598 Hunton Rather light gray, rather soft, 6.742.2 
slightly dolomitic limestone 
chiefly microcrystalline an 
earthy, in part finely crystalline 
261. Sec. 18-22S-3W, depth 3652 Viola Medium shade gray, hard lime- <2 
stone in part microcrystalline, 
in part finely crystalline, in part 
slightly porous 
262. Sec. 18-22S-3W, depth 381 Simpson Very fine, even textured, well- <2 
" side “i sorted, clean, medium hard, 
white sandstone 


263. Sec. 13-22S-2W, depth 3372— Silurian ja: gee even textured, 3.641.8 
3410 finely crystaliine, porous lime- 
stone i 
264. Sec. 10-208, gW, depth 3005 Lansing Finely crystalline, gray, porous, 5.0+2.2 


oolitic limestone, with roun 
pores like oolites (60%); finely 
crystalline gray, non-porous 
limestone (30%); medium 
shade gray non-porous micro- 


crystalline ls., 10% 
265. Sec. 15-20S-gW, depth 3235 Decorah Medium shade, rather bright 22.04 2.2 
green shale 
266. Sec. 24-19S-2W, depth 3382 Maquoketa Hard, dark gray shale 18.04 2.2 
267. Sec. 24-19S-2W, depth 33844 Viola ? Medium d, dense, micro- 6.5+2.2 
(Cap rock on crystalline, medium shade 
Viola pay) brownish-gray limestone, very 
silty with an earthy aspect 
268. Sec. 18-19S-gW, depth 3030 Kansas City Moderately hard, rather light 2.5+2.2 


grayish-brown, microcrystal- 
line limestone, which gives a 
slight bituminous or fetid odor 
when crushed; about } is mod- 
erately porous and oolitic, with 
round pores like oolites 
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Serial 
No. 


Locality Formation Description 


Radioactivity in 
tvalent of 10-2 
ams of Radium 
ber Gram of Rock 





2609. 


270. 


271. 


_ 292. 


276. 


278. 


279. 


280. 


282. 


283. 


284. 


285. 


286. 


Sec. 18-19S-9W, depth 3030’ Arbuckle Microcrystalline, light gray, 
medium hard dolomite 
Sec. 33-19S-10W, depth 3275 Pennsylvanian; Dark gray, massive, soft clay, 
Sooy conglo- with a peculiar blackish-gray or 
merate chocolate lint 
Sec. 27-16S-7W, depth 3024 Decorah Hard, dark gray to grayish 
black shale 
Sec. 27-16S-7W, depth 3075 Arbuckle Hard, medium gray, finely crys- 
talline dolomite, with oily or 
bituminous odor when crushed 
Sec. 31-15S-13W, depth 3268 Arbuckle Light gray, finely crystalline 
dolomite, medium hard with 
some whitish material between 
the grains 
Sec. 1-148, 15W, depth 3085 Oswald Coarsely crystalline to micro- 
; crystalline, rather light gray, 
hard, dense limestone 
Sec. 1, 148, 15W, depth 3052 Oswald Hard, rather light gray, dense 
limestone, inpart coarsely crys- 
talline but chiefly microcrys- 
talline 
Sec. 1, 148, 15W, depth 3065 Oswald shale Hard, rather dark gray, highly 
calcareous shale, only a part of 
which has a slight greenish tint 


End of Kansas Samples 


Beginning of Michigan Samples 
Sec. 30-18N, 10W, depth Dundee Rather dark gray, medium 
3463 hard, finely crystalline to 
microcrystalline limestone; 
gives a slight bituminous odor 
when crushed 
Sec. 31-18N, roW, depth 3578 Monroe Medium shade, gray, micro- 
crystalline, hard, dense dolo- 
mite, with an earthy aspect 
and a small vein of black ma- 
terial like asphaltite; gives a 
slight bituminous odor when 


crushed 

Sec. 2-14N-4E, depth 2840 Medium shade gray, hard, 
coarsely crystalline to micro- 
crystalline limestone gives a 
rather strong bituminous odor 
when crushed 

Same well, depth 3525’ Hard, dark gray, finely crystal- 
line to microcrystalline, non- 
porous limestone; gives a very 
strong bituminous odor when 
crushed 

Same well, depth 3920’ Shaly, grayish-black dolomite, 
containing some black shale 

Same well, depth 4320 Very fine, brown, sugary cal- 
careous sandstone, with numer- 
ous secondary crystal facets 

Same well, depth 9403-12 Trenton : Dark gray, coarsely crystalline 
limestone and microcrystalline 
grayish-black limestone in 
equal parts : 

Same well, depth 10,0784 St. Peter Hard, dense, dark greenish- 
gray claystone 


Beginning of New Mexico Samples 
19-19S-37E, depth 4015-26 Hard, medium shade gray, 
microcrystalline compact dolo- 
mite, giving odor of sulphur 
oil when broken 
18-21S, 37E, depth 3723’ Very hard, non-porous, micro- 
a light gray dolomite, 
which smells slightly of oil 
when crushed 


<2 


33.§£7.2 


26.3+2.2 
<2 


3.642.2 


6.5£2.2 


5.0+2.2 


11.5+2.2 


3-642.2 


3-2£2.0 


.s) 
Leal 
uN 
1+ 
N 
wa 


18.3+1.8 


4.2£1.8 


3.9041.8 
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Radioactivity in 
mana of 1072 
rams of Radium 


Serial 
No. 
per Gram of Rock 


Locality Formation Description 





Beginning of Illinois Samples 
Aux Vase Hard, silty, dense, very fine, <4 
rather light gray sandstone 

McClosky Hard, medium os gray, crys- 6.0+1.8 
talline, oolitic limestone, with 
some pore space between the 
oolites, and smelling strongly 
of oil. Many oolites are single 
calcite crystals 
Fine, even textured, well- <2 
sorted, moderately hard, 
brown, oil stained sandstone 
Hard, compact, finely crystal- 
line limestone, in part sandy 
Medium hard, very fine, well- 
sorted light brown, slightly oil 
stained sandstone 
Cypress shaleat Interbedded grayish-black 
top Benoistsand shale, and gray crystalline 
limestone, 4 shale, 3 limestone 
Hard, light gray, massive, mix- <2 
ture of silt of lime with some 

shale 

Hard, light gray limestone, 
finely crystalline to microcrys- 
talline, non-porous, _oolitic 
with microcrystalline oolites 


Beginning of Indiana Samples 
Mansfield-Lower Brown, porous, clean, rather <2 


287. 26-4N-7E, depth 2878-83 


288. Same well, 3017-27 


289. 35-4N-1E, depth 1360-65 Cypress 


290. 12-1N-1W, depth 2006 Devonian 


291. 10, 1S-1W, depth 1521 Benoist 
292. 35-2S-1E, depth 1954-63’ 
293. 26-4S-2E, depth 2651-56 Aux Vase 
294. Same well, depth 2794-2804 McClosky 


295. 10-35, gW, depth 1059-60 








Pennsylvanian _ coarse grained sandstone 
296. 23-6S-13W, depth 2440’ Cypress Very fine, hard, medium shade 7.0£13.3 
brown sandstone, well sorted 
Colorado Samples 
297. 1-17S-50W, depth 4134’ Pennsylvanian Very dark gray, microcrystal- 25.9£1.5 
line, moderately hard non- 
porous limestone of somewhat 
earthy or shaly aspect 
298. Same well, depth 5588’ Mississippian Medium shade to grayish- 7841.7 
black, coarsely crystalline to 
microcrystalline, hard, non- 
porous limestone, with a few 
shaly streaks 
299. Same well, depth 5675’ Viola Very hard, non-porous, very §1£1.8 
Sinely crystalline, even tex- 
tured, dark brownish-gray lime- 
stone, with some pyrite 
300. Sec. 14, 23N, 7E Okla., depth Soft, grayish-black to black <2 
2833-2834 sandstone of medium sized 
grains 
301. Garnett Quarry, Sec. 28, Bandera shale Dark gray to grayish black, 158+3.6 
20N, 14E, Okla. in Oolooga lime- hard concretions, reported to be 
stone (Pennsyl- phosphatic, occurring in round- 
vanian) ed masses 1-2 in. in diameter, 
scattered through shale 
302. NW} Sec. 13, T. 20 N, R12 Blackshaleover Grayish-black, concretions 1-3 220+4 
E Checkerboard _ inches in diameter, reported to : 
limestone be phosphatic 
(Pennsylvanian) 
303. NE} Sec. 34, T. 17 N, R14 Shale at top of Brownish and dark gray, soft 38.a+2.2 
, Okla. main ledge of shale with a few grayish-black 
Oswego lime- streaks; badly weathered. May 
stone (Pennsyl- have been black before weath- 
; vanian) ering 
304. Center, E. line, Sec. 22 T, Black shale be- Black, fissile, very thin bedded a1.2+2.2 
18 N, R14 E, Okla. tween upperand shale 


lower ledges of 
Oswego _lime- 
stone (Pennsyl- 
vanian) 
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og Locality Formation Description E — of Fda : b 
per Gram of Rock 
305. Garnett Quarry, Sec. 28, Banderashale Black, thin bedded, fissile shale 20.5+2.2 if 
T. 2c N, R 14 E, Okla. in Oolooga 
limestone 
(Pennsylvanian) 
306. NW3 Sec. 13, T. 20 N, R. Blackshaleover Black, thin bedded, fissile shale 34.242.2 
12 E, Okla. Checkerboard 
limestone 
(Pennsylvanian) 
307. Lake Francis, Sec. 25, T 17 Chattanooga Black fissile shale 42.8+2.2 
N, R 34 W, Arkansas shale 
308. Northeast Point of Turkey Black shale just Black, weathered shale 25.2+2.2 
Mountain, Sec. 35, T 19 N, above Checker- 
12E, Oklahoma board (Pennsyl- 1 
vanian) ; 
309. Same as above Same asabove Rounded concretions, bluish 104+4 } 
and brownish on outer surface, } 
dark gray or brownish within 
probably weathered. Embedded 
in black shale 
310. Rex Pyramid OilCo.Gordon Chattanooga Hard, black shale 2t.3£2.2 
Heirs No. 1, 2 miles N. of shale 
Daysville, Todd Co., Ky, 
depth 1170-1270 : 
311. Eastern Ky. Chattanooga Hard, dense, brittle medium 34.641.8 : 
shale shade, dark gray and grayish- 
black shale; produces gas 
312. Eastern Ky. Chattanooga Dark gray to grayish-black 27.7E1%.2 
shale shale; produces gas 
313. Eastern Ky. Chattanooga Chiefly grayish-black to black, 42.8£1.7 
shale hard, dense, fissile shale; does 
not produce gas 
314. Probably from southern II]. Fluospar vein Sphalerite 70%, fluorite 30% <2 
or Western ee 
315. 3 miles south of Sherman, Austin chalk Light gray, soft, weathered 2.9+2.2 
Texas (Cretaceous) shaly chalk 
316. Arkansas novaculite 2 miles Arkansas Rather light greenish-gray 18.4+1.8 
E. of Atoka, Okla. novaculite microcrystalline novaculite 
317. 14 miles E. of Atoka, Okla. Talihina chert Medium light to dark gray, 5.0222 
microcrystalline brecciated 
chert or novaculite with a little 
finely crystalline, dark gray 
limestone 
318. Union Co., Ill. Mountain Glen Hard, brittle, grayish black and 58.74+2.2 
shale brownish black shale 
319. Central Kentucky Ordovician Phosphatic limestone; light to $:3£:32-5 
rather dark brown, mottled, 
porous, weathered, soft lime- 
stone, and earthy appearance 
Serial Depth Heoieelent of 10° 
Seria e pt. : . aes quiv of 107 
No. in well Lithologic Description Grams of Radium 
Per Gram of Rock 
Midway-Sunset Field, Cal. 
320 — vay finely ground oil well cement. Labeled on list ‘‘Colton oil well 8.4+1.5 
i-Temp 
321. = Very finely ground oil well cement. Labeled on list ‘‘Colton-Slow Con- 7.G£13:2 
struction’ 
322. 2568 Soft, massive, medium shade gray, clay 7-S£2.8 
323. 2590 Soft, massive, rather light gray clay, in part silty. (Level of sample 2.5 11.3+2.0 
inches below top of container) 
324. 2627} Rather dark gray, massive, soft clay, with a few streaks and patches of 12.4+1.4 
light gray silt—o5 % clay. (Level of sample j inches below top of con- 
tainer 
325. 26923 ~=Soft, light gray clay 8.4+1.5 
326. 2890 Soft, medium shade grade shaly sand or sandy clay, containing numer- Er. 2£4.9 
ous rather coarse sand grains, some light and some dark, embedded in 
silt and clay. (Level of sample 1} in. below top of container) 
327. 2920 Very soft, medium shade gray, fine, silty sand (Level of sample 1j in. 12.6+1.8 


below top of container) 
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Radioactivity in 
a <smg of 10-8 
ams of Radium 
Per Gram of Rock 


— Lithologic Description 





328. 3155 Medium shade, gray, soft, friable siltstone 6.64+1.2 

320. 3165 Medium shade, gray, soft, friable calcareous siltstone, with a few shells 6.9+5 2 
and limy steaks 

330. 2225 Soft, massive, dark gray clay 7.8+1.5 

331. 2545 Soft, massive, rather light gray clay 10.5+1.0 

332. 25074 Soft, dark gray shale with fairly pronounced bedding 7.2£1.5 

333- 2603 Brown, oil stained, coarse to fine, loose sand, containing numerous 7-541.8 
dark grains. (Sample level 2.5 inches below top of container) 


Midway-Sunset Field, Cal. 

Dark gray, coarse to fine, loose, oil-stained sand containing consider- Pe a 
able amounts of both dark and light grains 
Brown, coarse to fine, oil-stained sand, containing both light and dark 562. 
grains and a few shell fragments. (Sample level 3 4 inches below the 
top of container) 
Soft, medium shade gray, massive clay, in part silty 
Medium light gray, soft, silty, very slightly calcareous clay 
Medium shade, soft, gray clay with some shells 
Soft, light gray, massive, slightly calcareous, sandy shale (level of 
sample 2.0 inches below top of container) 
Soft, massive, dark gray clay with numerous shell fragments 
Rather light gray, soft, massive clay with some shell fragments 
Soft, massive, medium shade greenish-gray sandy clay 
Soft, light gray, silty and sandy, massive clay 
Soft, massive, light gray silty sand with a slight greenish tint. (Level 
of sample 2.4 inches below top of container) 
Soft, massive, light gray silty and sandy clay with slight greenish tint 
Soft, massive, light gray silty clay 
Soft, massive, rather light greenish-gray sandy clay, with streaks of 
shaly sandstone 
Light greenish-gray silty and sandy soft, massive clay, with light or 
dark sand grains f 
Medium shade, greenish-gray, sandy and silty, soft massive clay 
Medium shade, greenish-gray, sandy and silty, soft massive clay 
Soft, light gray, silty and sandy massive -~ 
Rather light gray, soft, massive, sandy and silty shale, with slight 
greenish tint; the sand grains are colorless, dark and also greenish 
Rather light gray, silty clay, with slight greenish aspect 
Soft, rather light greenish-gray massive shaly and silty sand, contain- 
ing some dark grains 
Massive, sandy and silty, soft, rather light greenish-gray shale 
Rather light, greenish-gray, sandy and silty, massive, soft shale 
Rather light gray, massive, soft, sandy shale, with slight greenish tint 
Rather light gray, sandy and silty, massive, soft shale, with slight 
greenish tint 
Soft, rather light gray, very fine, silty sand 
Coarse to fine, silty, massive, soft unconsolidated medium shade, 
greenish-gray sand, with some dark grains and numerous shell frag- 
ments 
Medium shade greenish-gray, very fine and silty, soft unconsolidated 6.324; 
sand with numerous shell fragments 
Medium shade gray, fine, calcareous, soft sand with many shell frag- 6.6+1. 
ments and numerous dark grains 

edium shade, very fine, greenish-gray, silty very soft sand (Individ- 6.641. 


Bet. 
eet. 
421. 
S21. 


= 


DAIAS neon o 


ott. 
re ee 
a2. 
ott. 
AE Xk. 


ott. 
42%. 
i 


a one 


ott. 


224. 
6+1. 
grt. 
(eg 


ye eo 
8+1. 


oo 
Ont. 
ars. 
O23. 


841. 
ott. 


anon 


on 2INONV AH 


ou mostly too fine to be seen) 
Medium shade, very fine, greenish-gray, silty very soft sand (Individ- 6.6+1. 
ual grains mostly too fine to be seen) 
Medium shade, very fine, greenish-gray, silty, very soft sand (Individ- 7.SE%0 
ual grains mostly too fine to be seen) 








Radioactivity in 
Serial ivalent of 10°" 
No. Locality Formation Description ams of Radium 
per Gram of Rock 





366. New Orient Mine, West No. 6 Coal Normal, black, shiny, bitum- <2 
Frankfort, Franklin County, (Pennsylvanian) inous coal 


Ill. 
367. New Orient Mine, No. 2, No. 6 Coal Normal, black, shiny, bitum- <2 
West Frankfort, Ill. (Pennsylvanian) inous coa 
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Spring Valley Bureau Coun- Shale over Light gray shale 14.442.1 
Ill. No. 2 Coal 

(Pennsylvanian) 
Western Illinois Black shale Black, fissile shale, containing 80.4+2.0 

over No. 2 Coal numerous oval grayish-brown 

(Pennsylvanian) concretions, and thin veins of 

black shiny material along 
laminations 

SWi NW3 Sec. 35, Tx11S, Just above Cannel coal; black with dull 3-341. 
R. 4 E, Johnson County, Ill. Caseyville luster 
conglomerate 


Y, 


aha te: (Pennsylvanian) 
Sinclair Prairie No. 1 Bush Pre-Cambrian  ‘Trachite, rather dark gray to 20.442. 
estate, Potter County, Texas pinkish, with large phenocrysts, 
very hard and dense 
Same well, depth 5583-854 Pre-Cambrian  Trachite, very hard and dense, 18.341. 
pinkish, ‘with large phenocrysts 


and sili appearance 
. Patos Island (Note: Samples Patos conglom- Dark gray and reddish lime- <2 
372-430 are from Trinidad) erate Jurassic stone and conglomerate, chiefly 
microcrystalline; gives a bitu- 
minous odor when crushed 
Hollis Water Reservoir Tithonian, Medium hard, light gray, sandy 
Northern Range Upper Jurassic and silty microcrystalline lime- 
stone 
West of Jetty, Northern Middle Grayish-black, shaly, dolo- 
Range Cretaceous — limestone, i in part crystal- 


Pointe-a-Pierre Coast Remanie beds, Dark gray to tan, microstystal- 
Cuche forma- line to finely crystalline, lime- 
stone conglomerate 


(Apti 
Stack Rock Trench, Pointe- i Hard, black, grayish-black and 
a-Pierre Coast Shale, Cuche brownish, gray and reddish 
formation, shale. Looks like a black shale 
middle discolored by weathering 
Cretaceous 
Bon Accord Block Orbitolina lime- Rather light brownish gray, 
stone, mid- dense limestone of earthy luster 
Cretaceous in dark gray microcrys 
limestone; a limestone con- 
glomerate 
Near Viaduct north of Maridale Marl, ver light gray marl 
Pointe-a-Pierre Cuche forma- 
tion, upper 
Aptian, middle 
Cretaceous 
Charuma Mid-Cretaceous? Motion shade gray, hard, 
— to micro- 
oneal e very fossiliferous 
limestone 
Pointe-a-Pierre Railway Cut UpperCretaceous Rather light gray, hard micro- 
Block Cenomanian crystalline to talline lime- 
pe with slight bituminous 


Bon Accord Quarry Chert beds, von hard and dense, and brit- 
Cretaceous tle, light gray to white chert 
reccia 
McLean Argiline Quarry, Lower Tarouba Brownish-black and very dark 
San Fernando formation, brown, brecciated, soft and 
upper Creta- friable, calcareous shale, coated 
ceous with asphaltic matter; gives an 
oily odor when cold 
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Lower Miocene 








— Locality Formation Description rams of Radium 
per Gram of Rock 
383. Mt. Moriah, San Fernando UpperTarouba Very light gray to grayish- 6.3+1.8 
shale, upper white, hard, shaly chalk 
Cretaceous ; 
384. Concord Road, Bon Accord Chaudiere Rather soft, light bluish-gray 7.2+1.8 
Shale, upper shale 
Cretaceous 
385. 300’ north of Pointe-a-Pierre Pointe-a-Pierre, Rather soft, light gray marl 13.8+1.8 
station Railway cutting Railway cut 
Marl, upper 
Cretaceous 
386. Ravine Ampelu, Lizard Lizard Springs Light gray and light yellowish- 5.4+1.8 
Springs formation, gray, medium hard, calcareous 
uppermost shale, probably weathered 
Cretaceous 
387. Marac Quarry Soldado Green, red and gray limestone, <2 
Formation, partly microcrystalline, partly 
Paleocene crystalline 
388. Friendship Quarry, Princes Navet Grayish-white chalk <2 
Town-Mayaro Roa Formation 
Middle Eocene 
389. Near Ladies Hostel, Bon Pointe-a-Pierre Hard, coarse-grained, pinkish- 4-5+1.8 
Accor grit, Upper Eo- gray sandstone 
cene 
390. Near Ladies Hostel, Pointe- P-a-P shale, Dark gray and red shale. The 18.6+1.8 
a-Pierre Upper Eocene __ red color may be produced by 
" epee J 
301. Piparo River P.W.W. Branch Guadryina Rather light gray shale, stained 14.4+1.8 
19 s, brownish and yellowish, prob- 
Basal Nariva ably by weathering 
formation 
Upper Eocene 
392. Morne Roche Quarry Grit, San Fernando Coarse grained, porous, rather <2 
San Fernando formation, soft quartz sand 
Upper Eocene 
393. Vista Bella San Fernando Medium fine, soft, unconsoli- 4.242.121 
formation, dated sand, stained brownish 
Upper Eocene black by oi 
394. Point Bontour, San Fernando Lower Mt. Light gray clay 7.2+1.8 
Moriah silt 
Upper Eocene 
305. Hospital Hill San Fernando Hospital Hill Grayish-white to medium shade 4-5£1.8 
marl, San Fer- gray, silty mar 
nando formation 
type locality 
396. Point Bontour,San Fernando Basal Cipero Soft, yellowish marl 6.31.3 
member, basal 
Oligocene 
397. Cipero Coast, San Fernando Lower Cipero Light bluish or greenish gray 5.9£1.5 
member, Lower marl 
Oligocene 
398. Cipero Coast, San Fernando Upper Cipero Rather soft, dark gray, calcar- 8.5£1.3 ; 
member, Middle eous shale 4 
Oligocene : 
309. Same as above Upper Cipero Light gray, medium soft, mas- 8.642.1 i 
member, Upper _ sive marl 4 
Oligocene 
400. Hermitage Quarry, Dumfries Upper Oligocene — and yellowish white 5.62.3 
0a cha : 
401. Esmeralda type locality Esmeralda Dark gray calcareous shale 6.6+1.0 
member, Brasso 
formation 
Middle-Upper 
Oligocene 
402. Tunnel Hill-Esmeralda Transition Tun- Fairly hard dark gray shale, in 6.9+1.3 
nel Hill- part slightly calcareous 
Esmeralda 
member, Brasso 
formation. FE: 
Lower Miocene 
403. Tabaquite Diaz Trace Tunnel Hill Massive, rather dark gray cal- 4-3£1.3 : 
Branch, 4 mile N. of Diaz membef, Brasso_careous shale i 
Trace formation. a 
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404. Navarro River type locality Navarro River Dark gray calcareous shale 6.94+1.3 
member, Brasso 
formation. 
Middle Miocene 
405. Pointe-a-Pierre coast Ditrupa beds, Light gray calcareous shale 7.022-8 
Navarro River 
member. Middle 
Miocene 
406. Near gate of T.L.L. vege- Brasso forma- Soft, yellowish white shaly 4.0+2.1 
table garden Bon Accord tion (Guaracara_ chalk or chalky limestone 
limestone) Mid- 
dle Miocene 
limestone) Mid- 
dleMiocene 
407. Not given Los Atajos Dark gray calcareous shale con- 9-942.1 
member, Brasso taining scattered shell frag- 
formation Mid- ments 
dle Miocene 
408. Brasso Caparo River Los Atajos Dark gray calcareous shale 9-942.1 
member, Brasso 
formation, Mid- 
dle Miocene 
409. Well Road, Mayaro Mayaro cla: Light gray and ans brownish- 10.2+2.1 
lower Middle gray shale 
Miocene 
410. Forest Reserve Cruse formation Medium shale gray silty mica- 7.9+1.3 
Lower Miocene __ceous shale 
411. Barrackpore No. 318, core Forest forma- Medium shade gray, soft, silty 10.2+2.0 
1779-84 tion, Middle shale and silt 
Miocene 
412. Road N.E. of Well No. 604. Forestsand‘‘A’’ Unconsolidated brownish-black <2 
10 ft. cut, Forest Reserve sand. Middle tar sand with oil odor 
Miocene 
413. Bernstein cut 1o ft. below Forest silt Mid- Medium shade gray silty shale 8.9+1.3 
surface in clay pit near Well dle Miocene 
No. 169 
414. Bernstein, 10 ft. below sur- Upper Forest Hard, light brownish-yellow 12;S£3-3 
face, Burnt clay pit clay, Middle clay with a few pinkish streaks 
Miocene 
415. 15 ft. cut Northeast of Well Lower Morne Very fine, sift, silty light brown- 10.2+1.3 
No. 491, Main Field, Forest L’enfer sand, ish-yellow laminated sand 
Reserve Mid-upper 
Miocene 
416. 15 ft. cut Road 12, Forest Lower Morne Very fine, unconsolidated, silty 10.:2413-3 
Reserve Yenfer Sand, rather dark brown sand 
Middle Upper 
Miocene 
417. Road 12, Repress area 15 ft. Lower Morne Medium dark brown very fine, 9.641.3 
below surface, Forest Reserve L’enfer sand. unconsolidated silty sand 
a 
Miocene 
418. 6 ft. cut north of Well 508, Typicallot 7silt Light gray shale 15.2+1.3 
Forest Reserve Upper Miocene 
419. 20ft.cut 4ooft. West of Well Upper Morne Rather dark brown, very fine, 6.641.3 
No. 410, Repress area, Forest L’enfer sand, soft, silty san 
Reserve Upper Miocene 
420. Near Kern Oil Field South- Pitch sand, Fine, hard, black sand, ce- <a 
ern Main Road Middle Upper _ mented by asphalt 
Miocene 
421. Oil Sand Quarry, near Penal Miocene Fine, dark brown, moderately CF ee 
hard asphaltic san 
422. Ceparo River Road Junction Gransaul mem- Light gray marl with many 8.641.5 
west of Ceparo River ber, Lower Tal- shell fragments 
paro Formation 
Uppermost 
Miocene 
423. Barrancones Talparo clay, Medium shade, _ bluish-gray 12.9+2.1 
Pliocene shale 
424. 10 ft. cut, Los Bajos Fault La Brea forma- Light gray to grayish-white 6.9+2.1 
zone E. of well 604 Forest tion, Pliocene clay 
Reserve 
425. 10ft.cut E. of Well No. 604, La Brea forma- Grayish-white unconsolidated, <2 


Forest Reserve 


tion, Pliocene 


very fine, silty, san 
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426. 


427. 


428. 
429. 
430. 


431. 
432. 
433- 
434- 
435- 
436. 
437- 
438. 


439. 


440. 


441. 


442. 


443. 
444. 


445. 


446. 


447. 
448. 
449- 


450. 


Forest Reserve La Brea forma- 
tion, Pliocene 


Buenos Aires La Brea forma- 
tion, Pliocene 


Forest Reserve La Brea forma- 
tion, Pliocene 
Pitch Lake, Trinidad 


6 ft. cut Bernstein, Forest Typical 
Reserve mudflow 


Gray and brown clay, prob- 

ably weathered containing a 
few chert pebbles 

Hard, dense, brittle pinkish- 
= massive ve finely 
divided silica ‘‘Porcellanite”’ 

Brownish-black shale with an 

oily odor 

Black soft solid brittle asphalt 
with flow structure 

Massive, calcareous very light 

yellowish- brown and yellowish- 

gray clay 


A well in Belridge Area, California 


440 ft. 


a es 432-438, are from 
depths of 440-466 


Samples 440 to 443 are from 
depths of 466-496 


Same well, depth 730 ft. 


Same well, depth 830 ft. 


Light greenish-gray, soft, silty 
shale 

Brownish-blac fine, oil stained 
sand smelling of oil or tar 
Soft, very light greenish-gray, 
very ’ shaly and silty sand 

Soft, massive, pale greenish- 
gray sandy clay 

Very light a marl 


Massive, soft, pale greenish- 
gray clay 
Massive, soft, pale shale green- 
ish-gray silty "shale 
Very soft, unconsolidated, fine 
sand, stained dark brown by oil 
4 asphalt and smelling of oil 
Mixture of soft, unconsolidated, 
shaly, silty, medium coarse- 
grained to fine sand and sandy 
and silty soft, unconsolidated 
clay, all light reenish-gray, 
contains mica and is in part oil 
stained 
Soft, unconsolidated, light 
greemsh-gray, medium coarse 
to very fine, silty and shaly 
sand and sandy shale all light 
greenish-gray ’ 
30%—light greenish-gray 
coarse to fine, silty sand, in part 
oil stained, and 70% light 
greenish-gray soft, unconsoli- 
dated silty clay 
20% light greenish-gray soft 
unconsolidated fine sand, in 
part stained brown by oil, and 
80% light greenish-gray, ’ soft, 
unconsolidated silty clay 
Soft, unconsolidated, light 
ggg clay 
ft, loose, fine, even grained 
sand smelling strongly of oil 
and stained brownish-black by 
oil or tar 
Coarse to fine, unconsolidated 
sand, stained brown by oil 


Samples 446—463 are from a well in the Los Angeles Basin, California 


2203-2221 ft. 


2221-2245 ft. 
2248 ft. 


2263 


2273’ 





Fine, even grained, light gray 
silty sand, containing a ut 5% 
of a black mineral 

Very hard and dense, light 
gray, sandy and silty limestone 
Light gray, medium soft, shaly 
calcareous ‘siltstone 

Medium shade gray, medium 
hard, slightly calcareous silt- 
stone 

Shaly, medium shade gray, 
very slightly calcareous si t- 
stone 


7-342.5 


7-S£1.5 


8.9+2.1 
2.6+1.2 
8.32 2.13 


0-3i1.2 
6.0+1.2 
12.6+1.2 
10.5£1.2 
S82 2.2 
7.8£1.2 
28.8+1.2 
8.71.2 


15.0£1.2 


26.2215 





41.4%. 


N 


10.84+1.8 


12.0+1. 


N 


S:722.5 
6.4+1.6 


6.3+1.2 


6.31.2 
9.0+1.2 
9-6+1.2 


9.64+1.2 
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451. 5217’ Dark gray, very micaceous v Ir.7£1.5 
sandy and silty, slightly cal- 
careous shale 
452. 4655’ Very hard and dense, light 6.3+1.2 
gray, highly calcareous, coarse 
sandstone (with about 10% of 
a dark mineral) 
453- 4676 Medium soft, medium fine silty 8.441.2 
sandstone, containing about 
25% of a dark mineral 
454. 5008-5009 Dark grayish-black or very 10.8+1.5 
dark gray, very silty shale 
455- 5115-5116’ Rather hard, rather light gray, 9.0+1.5 
very fine, silty, micaceous 
sand, with a considerable per- 
centage of dark minerals 
456. 5207-5208’ Dark gray silty shale with 8.441.5 
light gray silty shale streaks 
457- 5310-5311 Dark gray, very slightly cal- 7-S£1.2 
careous, silty shale 
458. 5403-5404’ Dark gray silty shale Ir.7+1.2 
459- 5513-5514 Very hard and dense, grayish 15.6+1.2 
ble —_ pricaceoe shale, 
95%, with 5% o' t gray, 
fine, hard dense sandstone 
460. 5610’ Grayish-black, very hard and 32.0£1.2 
dense, brittle micaceous shale 
461. 5710’ Hard, dense, brittle dark gray Ir.1t1.5 
to grayish-black silty shale 
462. 5805’ Hard, dense, brittle black shale 13.2+1.5 
Awell in Belridge Area, California 
463. 470 0r 540’ Very hard and dense, light 18.0+1.8 
gray, medium coarse calcareous 
sandstone 
464. 2 miles northeast of Sand Shalejustabove Dark gray, fissile, calcareous 12.9+1.8 
Springs, Oklahoma Hogshooter shale 
limestone 
465. East side of Lake Francis. Lower Missis- Hard, dark gray crystalline 2.1+1.8 
Sec. 25-T. 17 N-R. 34W Ark- _ sippian, 5’ above limestone 
ansas top of Chat- 
tanooga shale 
466. Same Same but 15’ Rather light gray, dense chert <2 
above top of masses cemented by coarsely 
Chattanooga crystalline limestone 70% 
shale chert, 30% limestone 
467. 2mileseast of Hulbert,Okla. Chester, Upper Dark gray to grayish-black 12.64+1.8 
Mississippian shale 
468. Standard Oil Co., Well 113, Drilling mudob- Light gray, sandy and silty, 5-7£1.8 
Midway Sunset, Calif. ‘nee from clay 
mud pit 
469. Prince Edward Island, Can- Albertite Vein Jet black, shiny, brittle alber- <2 
a tite 
470. SW Sec 1, T.1 N, R.6 E. Woodford or Weathered, dark gray, sili- 13.2+1.8 
Oklahoma Chattanooga ceous laminated shale 
471. phky Sec. 13,T.1N.R.6E, Simpson shale Soft, light yellowish gray marl 5-7£1.8 
a. 
472. West center Sec.1 T. 1 N, Lower Missis- Rather dark brownish-gray, 3-O41.5 
R. 6 E. Okla. sippian lime- even textured, hard, dense very 
stone close finely crystalline limestone 
above Chat- 
tanooga shale 
Samples 473-491 are from the Pennsylvanian Pontotoc Series of southwestern Oklahoma 
473. Samples A734 1 are from Hensley Wash Medium hard, rather light a2.241.8 
Altus Field of Southwestern gray, argillaceous arkose or 
Okla. granite wash . d 
474- Hard, coarse grained, light 7-4£1.5 
greenish-gray argillaceous ar- 
kose or granite Fe 
475. Same well, depth 1420, 1426 Deep red, massive clay with a 8.7+1.5 
and 1437’ few sandy streaks ‘ 
476. Same well, depth 1423, 1431 Slightly calcareous medium 8.7£1.8 
1433 ft. coarse to coarse, light reddish 
to light gray arkose, contain- 
S ell, depth re pee an nae wn 1.8 
477. Same _ well, p 1493, ine grained, silty argillaceous, 10.241. 
19494 ft. medium shade light gray, me- 


dium hard arkose or sandstone 
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per Gram of Rock 
478. Same well, depth 1504, 1513 Light gray silty clay with a few 14.7+1.8 
streaks and lumps of arkose 
f° 0% clay, 10% arkose 
479. 1508-1517 McDaniels Wash Light gray, soft, coarse grained 6.0+1.5 
pebbly arkose or granite wash, 
with some interstitial gray clay 
480. Same well, Depth 1408, 1522 Coarse grained, porous perme- 6.641.8 
ft. able granite wash 
481. Depth 1042 ft. Upper Pontotoc Medium shade gray, medium 6.9+1.8 
coarse arkose 
482. 1048 ft. Dark gray, massive shale 9.9+1.8 
483. 13066 ft. Massive, hard, red calcareous 4553.2 
clay with calcite veins 
484. 1373 ft. Red sandy shale 6:34%55 
485. 1376 ft. Dark red, very sandy shale S.5E 4.5 
486. 1378, 1390 ft. Reddish-gray and red, medium <2 
coarse shaly arkose 
487. Same well, 1467 ft. Cole Wash Pebbles of coarse to fine grains 5.4£1.8 
of quartz, chert, etc., cemented 
with slightly calcareous green- 
ish-gray clay 
488. Same well, 1474 ft. Cole Wash Fine-grained, light greenish- 6.6+1.8 
gray argillaceous arkose 
489. Same well, depth 1478 ft. Cole Wash Brownish-gray arkose some- 4.S£1.5 
what argillaceous but with 
some permeability 
490. Same well, depth 1489 ft. Black shale 12:62:23 
491. Same well, depth 1503 Kelly Wash Massive dark reddish clay 
Note: Samples 492-506 were collected along aaaew between Hopkinsville, Ky., and C larkeville . 
All are reddish residual clays derived from the weathering of the underlying limestones, and 
the purpose of the collection is to show the value of surface radioactivity tests in mapping 
stratigraphy and structure in such area. 
492. I. 7) miles south of Hopkins- Residual clay Red, massive clay 8.o+1.1 
vi 
403. 2. A miles south of Hopkins- Residual clay Red clay 7.-QOL1.1 
ville 
494 3.5 miles south of Hopkins- Residual clay Red clay S.a+2.2 
495. 3.5 miles south of Hopkins- Residual clay Red clay S.o+3.1 
ville 
496. 4.0 miles south of Hopkins- Residual clay Red clay 7.8£1.1 
ville 
497. 6.0 miles south of Hopkins- Residual clay Yellowish-brown clay 47. 841.2 
ville 
408. 2 miles south of Hopkins- Residual clay Red clay Fa t.k 
ville 
499. 6.0 miles south of Hopkins- Residual clay Red clay ye 
ville 
500. so. miles south of Hopkins- Residual clay Brownish-red clay S.421.1 
ville 
501. tg miles south of Hopkins- Residual clay Brownish-red clay 5.8£1.1 
vi 
502. 14.5 miles south of Hopkins- Residual clay Yellowish brown clay with VE ee oe 
ville some chert particles 
503. 0.7 miles south of Ky-Tenn. Residual clay Dark reddish clay 8:625.2 
ine 
504. as miles south of Ky-Tenn. Residual clay Dark reddish clay 8.7£1.1 
ine 
505. 5.omilessouthof Ky.-Tenn. Residual clay Dark reddish clay 8.641.1 
ine 
506. 6.9 miles south of Ky.-Tenn. Residual clay Dark reddish clay 8.o+1.1 
ine 
Note: Samples 507 to 510 are of sulphur ore, cap rock and crude sulphur from Port Sulphur field, La. 
507. Port Sulphur Field, La. Cap Rock Fairly hard, medium light gray, <2 
finely crystalline, massive lime- 
stone, with numerous calcite 
veins with irregular manes of 
sulphur. 90% Is, 9% calcite, 
A 1% sulphur 
508. Port Sulphur Field, La. Cap Rock Grayish-white coarsely crystal- <2 
line paras with dark banks 
. +20% sulphur 
509. Port Sulphur Field, La. Cap Rock — ene white with <2 
ss 3° 7/0 Sulphur 
Port Sulphur Field J.a. Crude sulphur _ Yellow crystalline sulphur 














DISCUSSION AND COMMUNICATIONS 


At a meeting of the Institute of Petroleum held at the Royal Society of Arts in Lon- 
don, April 29, 1943, Professor V. C. Illing, a Vice-President of the Institute, delivered 
a paper entitled Education and the Petroleum Industry which was published in the 
Journal of the Institute of Petroleum, Vol. 29, No. 238, pp. 259-283 (October, 1943). 
The section on exploration appeared to be of particular interest: consequently, permis- 
sion was secured from Professor Illing and the Institute to reprint it. (Editor’s Note.) 


(a) Exploration 


The search for petroleum is not the prerogative of any particular science. Indeed, 
with such an elusive substance, discovery is often the result of several lines of attack. 
On the other hand, there can be no doubt that, in so far as it is the function of geology 
to study the natural history of petroleum, the intelligent search for oil must largely be 
guided by the philosophy built up by the geologist. The tools, however, which are used 
by the scientist and engineer in the search for oil are many and various, and they are 
daily increasing in their scope. It is important to discriminate between the guiding prin- 
ciples on which a search for petroleum should be based and the tools by which this 
end is accomplished. In a new area of exploration it would undoubtedly be the function 
of the geologist to assess the chances of success and to draw up the general strategy of 
attack, but the plan of campaign would inevitably require more than the mere applica- 
tion of geological method. The help of geophysicists using various selected methods of 
delineating buried structure, that of the chemist in examining surface samples, and 
finally that of the engineer in the final drilling campaign would probably all play their 
part in an efficient scheme of testing. 

Where the general geological picture is already well known and the area has pre- 
viously been examined by geological means, it may afterwards be combed over with 
success by new prospecting tools. Thus, for instance, in many parts of the U.S.A. areas 
have been successively attacked by geologists, torsion-balance crews, refraction and 
finally reflection seismic parties. In each of these campaigns it must be remembered 
that the party is not attempting to find oil directly, but to discover geological struc- 
tures, which, on the principles worked out as a part of geological philosophy, are favora- 
ble to the accumulation of oil within the rocks known to exist in the area. Thus, what- 
ever the tool used in the attack, we always come back to two geological requisites for 
success, the stratigraphy of the area and the details of the structure. Both of these come 
directly within the purview of the geologist, and without a sound geological training it 
is impossible to appreciate their true significance in any given area. 

This latter point cannot be too strongly stressed, not merely because it illustrates 
the true function of geophysics in exploration—7.e., the discovery of buried geological 
structures by physical measurement—but because it calls attention to another feature 
recognized freely by eminent geophysicists: that their methods of attack have advanced 
at a greater rate than their theories of interpretation. The reason for this is the simple 
fact that interpretation of geophysical data must require the insight of a geologist, be- 
cause the final picture in which they are portrayed must be in geological terms. 

The collaboration of geologist and geophysicist is therefore one of those typical 
examples of the blending of the sciences with which our industry abounds. Short of 
drilling, the physicist possesses the only tools for direct measurement into the earth, but 
the results which he obtains must be presented in geological terms, and therefore need 
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geological control, particularly if they are to be obtained as economically as possible. 
The geologist’s knowledge of the stratigraphy of the area and the general structure, to- 
gether with other indirect methods of structural interpretation, enable him to reject 
or select the various possibilities suggested by the physical data, and the collaboration 
of the two sciences during the period of the survey is undoubtedly the best method of 
carrying out any form of geophysical examination. 

This point has been gone into at some length because the relations of geology and 
geophysics in oil-finding have been much misunderstood. They are often regarded as 
rivals, instead of as allies. Faults undoubtedly have been present on both sides, each 
science failing to realize the immense help to be obtained from the other. The differ- 
ences are, however, more deep-seated in their origin. They go back to the different 
methods of training in the two sciences. The physicist is trained to measure with great 
accuracy, and is interested only in the physical side of the picture he is creating; the 
geologist is keenly alive to the living meaning of the picture depicted and is interested 
mainly in what it represents in terms of geological history. The points of view are fun- 
damentally different, and they can only be brought together by mutual understanding 
between the two groups of scientists. 

That thére have been exceptions to these sweeping statements is happily true, and 
the expanding use of geophysics in oil geology has owed a great deal to the encourage- 
ment of far-sighted geologists, among whom the writer remembers with gratitude the 
names of de Bickh, De Golyer, and Barton. These and many others labored patiently 
to bring the new weapons into successful use and put them on secure foundations. 

Returning to the question of oil exploration, whilst geology sets the field and con- 
ducts most of the search, it is not alone responsible for the discovery of oil. The true 
function of geology is rather in the elimination of unnecessary risks, the balancing of 
the main chances, the planning of the drilling campaign to test the area as economically 
as possible. Many oil-fields have been found without geological help, and undoubtedly 
many oil-bearing structures still buried beneath the earth will be found in the future by 
random effort rather than by applied geology, with or without the help of geophysics. 
The plain fact is that there are some types of pools which cannot be discovered by any 
known method of scientific approach, but can only be found by the courage of the oil 
operator who is prepared to accept very great risks. It is the duty of the oil companies 
to reduce their risks in oil-field exploration, and geology offers the soundest method of 
achieving this end. This is shown by the fact that geology has been responsible for the 
major number of oil discoveries, and also that, in spite of the relative exhaustion of the 
shallower pools and those which are easy to discover, the general percentage of failures 
in wildcat drilling has not tended to rise. It would be churlish, on the other hand, not to 
pay a great tribute to the success of the geophysical tool, particularly in recent years, 
and the writer would regard future oil discovery as a form of geological investigation in 
which geophysics plays an essential part. 

Until recently we have been discovering new oil-fields at a rate which has kept pace 
with the increased demand, though we cannot guarantee how long this happy state will 
continue, and for the time being the war has sadly interfered with the rate of new dis- 
covery. This success has been due to the great expansion in our knowledge of the types 
of structural conditions which tend to produce and conserve oil-pools, to the improve- 
ment of our methods of. direct and indirect attack, and to the great advances in the 
efficiency of drilling operations. To these we must also add the new methods of geo- 
physical investigation when the drilling has actually reached the oil-bearing formations, 
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notably the Schlumberger surveys giving a simple and rapid means of recognizing the 
positions of the reservoir rocks and of identifying their contents. Above all, the progress 
is due to the teamwork of groups of scientists and engineers who form the nucleus of the 
staffs of operating companies. Such exploratory teams are only built and welded into 
successful instruments of discovery by years of experience. Their strength depends 
largely on the perfect co-ordination of each individual’s contribution, and the wise oil 
company treasures such teams as the best insurance for its future success. 

Teams such as these are only built by men who understand the functions of each 
individual member, and they are only possible where the individuals know how to work 
together to obtain a combined result. For the success of such work each man must know 
the part he has to play and its function in the general scheme. He must also value the 
help he can obtain from his colleagues and that which he himself can contribute to their 
work, 

The foregoing does not imply that oil cannot be discovered by the individualist, but 
only that it is getting more difficult as the fields to be discovered get fewer and more 
deeply buried. The task demands more and more help from all possible methods of in- 
vestigation, and therefore it needs scientists of broad vision, who not only know their 
own work, but can call on brother scientists to help them out of their difficulties. The 
demand is therefore for two almost contradictory attributes: a broad basis of scientific 
knowledge and a greater degree of specialization in one particular direction. Whilst 
these two requisites appear mutually antagonistic, they need not necessarily be so if we 
choose to make the first the prime objective of our educational system, and allow the 
second to be built up largely by experience. 

The author has dwelt at some length on the need for co-ordination of the sciences 
and engineering in oil discovery in order to exemplify the problems common to every 


phase of the industry and as a basis of his plea that though we need the highest quality 
of technical preparation yet this must not be bought at the price of too early and ex- 
treme specialization. The foundations of our knowledge must be broad and deep if the 
work is to reach the highest levels. 
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ELECTRICAL PROSPECTING 


U.S. No. 2,335,024. J. M. Pearson. Iss. 11/23/43. App. 1/1/43. Assign. Sun Oil Com- 
pany. 
Method and Apparatus for Making Corrosion Studies. A combination d-c and a-c 
bridge for exploring with three electrodes the electric conditions about a buried con- 
ductor at a distance beyond the field of local action currents. 


U.S. No. 2,337,352. C. B. Sitterson, Jr. and T. M. Berry. Iss. 12/21/43. App. 8/24/42. 

Assign. General Electric Co. 

Metal Detector. An a-c apparatus for locating metal in non-conducting materials, 
and having several pairs of exciting coils and several pairs of pick-up coils, the latter 
being connected in opposition so their emfs normally balance, and the several sets of 
coils being so located as to cover all parts of the material being tested. 


U.S. No. 2,337,962. J. F. Atkinson. Iss. 12/28/43. App. 8/4/40. Assign. Copperweld 

Steel Co. 

Method and Apparatus for Determining Resistance of Ground Connections. A three 
electrode constant current direct reading method of measuring resistance of a ground 
stake and using a universal meter both for adjusting the current and reading the resist- 
ance. 

GEOCHEMICAL PROSPECTING 
U.S. No. 2,330,829. H. T. F. Lundberg and N. B. Keevil. Iss. 10/5/43. App. 3/27/41. 
Assign. Lundberg Exploration S. A. 
Method of Geophysical Exploration. A method of soil analysis prospecting in which 


the ratios of concentration of radioactive emanations are measured on samples obtained 
at various depths, correction being made for radioactivity of the surface soil. 


U.S. No. 2,334,269. S. A. Kiss. Iss. 11/16/43. App. 12/9/39. Assign. Standard Oil De- 
velopment Co. 
Geochemical Prospecting Method. A method of soil gas prospecting in which a hole 
is drilled and the surrounding soil is treated with a water soluble organic wetting agent, 
such as organic sulphonic acid, before pumping off the soil gas sample. 


U.S. No. 2,336,176. L. Horvitz. Iss. 12/7/43. App. 12/9/40. Assign. E. E. Rosaire. 


Geochemical Prospecting. A method of removing soil gas from soil samples which con- 
sists of heating the sample in a refluxing container, so that water is returned to the sam- 


ple and only gas pumped off. 


U.S. No. 2,336,612. L. Horvitz. Iss. 12/14/43. App. 3/10/41 and 7/20/42. Assign. E. E. 
Rosaire. 


Geochemical Prospecting. A method of soil analysis prospecting in which soil sam- 
* Abstracts by O. F. Ritzmann, Gulf Research & Development Company. 
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ples are taken at a uniform depth and analyzed for inorganic constituents by extracting 
with an inorganic acid. 


U.S. No. 2,336,613. L. Horvitz. Iss. 12/14/43. App. 12/21/39 and 7/20/42. Assign. 

E. E. Rosaire. 

Geochemical Well Logging. A method of analyzing well cuttings in which well sam- 
ples are washed, weighed and dried, and the total content of material soluble in an inor- 
ganic acid is determined and plotted against depth. 

U.S. No. 2,337,443. L. W. Blau. Iss. 12/21/43. App. 12/10/41. Assign. Standard Oil 

Development Co. 

Process for Locating Valuable Subterranean Deposits. A method of soil analysis pros- 
pecting in which shallow soil samples are examined under ultraviolet light and the rela- 
tive fluorescence correlated with location. 


GRAVIMETRIC PROSPECTING 


U.S. No. 2,331,904. G. V. A. Gustafsson and J. D. Malmqvist. Iss. 10/19/43. App. 
1/27/41 and 2/3/42. 
Geophysical Instrument. A gravity meter or geophone having a spring supported 
mass and a pair of opposing springs directed at right angles to the main spring and so 
arranged that they urge the mass away from its equilibrium position. 


U.S. No. 2,337,152. D. H. Clewell. Iss. 12/21/43. App. 7/12/40. Assign. Socony-Vacu- 
um Oil Co., Inc. 

Gravity Meter. A pivoted horizontal beam gravity meter so arranged that the beam’s 
center of gravity is in the same horizontal plane as its pivot axis and having a helical 
main spring and an auxiliary spiral nulling spring attached part way out on the main 
spring. 

MAGNETIC PROSPECTING 
U.S. No. 2,335,117. E. P. Harrison. Iss. 11/23/43. App. 7/25/39 and 7/23/40. Assign- 
One-third to A. J. Hughes and one-third to H. Hughes & Sons, Ltd. 


Magnetic Surveying Apparatus. A differential magnetometer which utilizes changes 
in impedance of a high permeability alloy wire with axial magnetic field, the wires being 
in the arms of a temperature compensated a-c bridge network. 


SEISMOGRAPH PROSPECTING 
U.S. No. 2,325,157. A. C. Winterhalter. Iss. 7/27/43. App. 8/3/39. Assign. Sun Oil Co. 


Seismograph Prospecting. A method of putting a seismograph shot moment on a 
radio signal by having the voltage increase in the blasting cap circuit at firing initiate a 
gas discharge tube which biasses a transmitter tube to cut-off. 


U.S. No. 2,331,080. Olive S. Petty. Iss. 10/5/43. App. 6/25/42. 


Method of Seismic Reflection Surveying. A detector set-up for reflection shooting in 
which the detectors are on a circle whose radius is large compared to the distance be- 
tween detectors and less than the critical distance, the shot point being in the center 
of the circle. 
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U.S. No. 2,331,363. H. W. Washburn. Iss. 10/12/43. App. 7/26/39. Assign. Consoli- 
dated Engineering Corp. 
Seismic Prospecting System. Correcting for the variations in transmission charac- 
teristics of detector lines due to their different lengths by introducing a lumped equaliz- 
ing impedance between each line and the input transformer. 


U.S. No. 2,331,623. J. O. Parr, Jr. Iss. 10/12/43. App. 3/30/40. Assign. Olive S. Petty. 

Seismic Circuit. A circuit for obtaining a seismic shot moment by having the break 
of the cap bridge wire set a resonant circuit into oscillation and recording the rectified 
average oscillating current. 


U.S. No. 2,331,624. J. O. Parr, Jr. Iss. 10/12/43. App. 5/8/40. Assign. Olive S. Petty. 

Method of and Apparatus for Seismic Surveying. A method of eliminating the effect 
of surface waves on a seismic geophone by combining with the geophone a horizontal 
dilatation detector and using its output to cancel the surface wave signal generated by 
the geophone. 


U.S. No. 2,331,627.O.S. Petty. Iss. 10/12/43. App. 6/27/40. 

Time-Break Circuit. A seismograph shot moment circuit having a choke and trans- 
former in the blaster circuit whose constants are such as to differentiate the shot break 
impulse. 


U.S. No. 2,332,536. K. H. F. Schlegel. Iss. 10/26/43. App. 5/9/40 and 4/23/41. Vested 
in Alien Property Custodian. 


Electrical Circuit Control Device. An AVC circuit for audio amplifiers having a rec- 
tifier and primary filter circuit and a secondary filter circuit coupled through blocking 
rectifiers so that its time constant is independent of the constants of the primary circuit. 


U.S. No. 2,334,414. R. L. Klotz, Jr. Iss. 11/16/43. App. 6/8/42. Assign. Hercules Pow- 
der Co. 


Seismic Surveying. A method of seismograph shot hole loading using a length of 
detonating fuse either between the cap and the charge or along the cap wires, so as to 
avoid blowing long wires across electric power lines. 


U.S. No. 2,336,198. C. C. Stotz. Iss. 12/7/43. App. 4/19/40. 


Apparatus for Seismic Prospecting. A system of seismic recording using a micro- 
phone detector and a delayed drop-out relay to connect it to the amplifier after first 
arrivals have passed, and having the amplifier output operate a polarized relay which 
controls movement of a recording pen. 


U.S. No. 2,336,206. J. P. Woods. Iss. 12/7/43. App. 6/23/39. Assign. Shell Develop- 
ment Co. 
Seismograph Amplitude Control. An expander type volume control for seismograph 
amplifiers in which the grid bias of the amplifier tubes is varied with time, due to the 
heating up of the filament in a separate control tube. 
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WELL LOGGING AND SURVEYING 
U.S. No. 2,327,506. J. C. Conrad and H. L. Conrad. Iss. 8/24/43. App. 11/8/41. 
Footage Indicator for Drilling. A footage counting device having an indicator line 


fastened to the swivel and going over a system of pulleys and having a contactor on its 
traveling sheave shaft to operate a magnetic counter. 


U.S. No. 2,331,152. F. Willis, Jr. Iss. 10/5/43. App. 3/17/41. 

Means for Logging Wells. A device for logging drill stem vibrations incidental to 
drilling by applying the amplified electrical impulses from a vibration detector on the 
kelly to a cathode ray oscilloscope having its sweep synchronized with drill rotation and 
photographing the oscilloscope trace and other instruments with a camera. 


U.S. No. 2,332,267. B. W. Sewell. Iss. 10/19/43. App. 5/18/42. Assign. Standard Oil 

Development Co. 

Cutting Collector. A wire line operated cutting collector and slotted drill bit, the col- 
lector consisting of an inner cylinder through which the mud may be pumped down and 
an outer cylinder which screens and traps the cuttings as they pass through the drill bit 
slots. 


U.S. No. 2,332,348. M. Schlumberger. Iss. 10/19/43. App. 8/20/38. Assign. Schlum- 
berger Well Surveying Corp. 
Method and Device for Referring a Level in a Borehole to the Bottom of Said Borehole. 
A method of determining when a cable suspended well tool leaves the bottom of a hole 
by observing when the self potential or the apparent resistivity first begins to change 


and measuring the cable as the tool is brought up the hole. 


U.S. No. 2,332,567. R. I. Gardner. Iss. 10/26/43. App. 2/26/41. Assign. Richfield Oil 

Corp. 

Apparatus for Determining Leaks in Drill Pipe. A leak indicator having a pressure 
gauge on the mud supply line and also a venturi type flow meter with differential pres- 
sure gauge in the same line, the presence of leaks being indicated by a change in rela- 
tionship between the gauges. 


U.S. No. 2,332,777. F. G. Boucher. Iss. 10/26/43. App. 1/25/43. Assign. Standard Oil 
Development Co. 


Orienting Device. An apparatus for continuously determining the azimuthal orienta- 
tion of devices in a well by scanning and recording on moving film the relative positions 
of a fiducial point and the north point of a magnetic compass. 


U.S. No. 2,332,873. D. Silverman. Iss. 10/26/43. App. 4/25/42. Assign. Stanolind Oil 
and Gas Co. 
Differential Radioactivity Logging. A method of radioactivity logging using two ioni- 
zation chambers a short distance apart and recording at the surface the ionization sum, 
difference or separate values by alternately shielding the two ionization chambers. 


U.S. No. 2,333,883. R. G. Piety. Iss. 11/9/43. App. 5/31/43. Assign. Phillips Petroleum 
Co. 
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Well Surveying Device. An electric well logging method in which the current distri- 
bution from a long insulated wire in the well is determined by the emf generated in two 
differentially connected toroidal coils hung around the wire. 


U.S. No. 2,334,262. D. G. C. Hare. Iss. 11/16/43. App. 5/29/40. Assign. Texaco Devel- 
opment Corp. 

Subsurface Prospecting. A method of neutron well logging in which correction is 
made for the effect of the mud by using two detectors of scattered neutrons and two 
sources of fast neutrons, one of which is partially screened so that its’ particles do not 
penetrate beyond the mud. 


U.S. No. 2,334,491. J. J. Jakosky. Iss. 11/16/43. App. 12/21/35 and 7/27/39. Assign. 

Schlumberger Well Surveying Corp. 

Method and Apparatus for Determining the Electrical Characteristics of Geological 
Formations Traversed by Drill Holes. An electric logging method for uncased holes using 
a current electrode and one or two potential electrodes in the well and another current 
electrode on the surface a large distance from the well, so that current flow is essentially 
parallel to the formation bedding planes. 


U.S. No. 2,334,920. J. E. Gosline, W. R. Postlewaite and W. G. Miller. Iss. 11/23/43. 
App. 9/16/40. Assign. Standard Oil Co. of California. 
Method for Testing Wells. A method of determining the production from various 
formations of a multiple zone well by measuring the amount and direction of fluid flow 
at various depths and observing the effect of back pressure. 


U.S. No. 2,334,921. J. E. Gosline, W. R. Postlewaite and W. G. Miller. Iss. 11/23/43. 
App. 9/16/40 and 2/16/42. Assign. Standard Oil Co. of California. 
Apparatus for Testing Wells. A fluid flow logging device consisting of an impeller 
centered in a frame and operating a contactor which signals the rotational speed and its 
direction over a cable to the surface. 


U.S. No. 2,334,950. W. J. Opocensky. Iss. 11/23/43. App. 4/27/42. Assign. Eastman 
Oil Well Survey Corp. 
Inclination Indicating Instrument. A pendulum type inclinometer which records on 
a marking plate and takes two check records in succession. 


U.S. No. 2,335,409. D. G. C. Hare. Iss. 11/30/43. App. 8/29/41. Assign. The Texas 
Company, 
Locating Points of Entry of Water into Boreholes. A method of locating water by run- 
ning a closed length of tubing into the well and observing by means of an instrument run 
inside the length of tubing either the radioactivity or neutron scattering. 


U.S. No. 2,336,101. E. M. Irwin, G. E. Lewis, R. H. Duval, B. H. Rule and R. M. 
Chenoweth. Iss. 12/7/43. App. 10/4/38. Assign. Cooperative Development Co. 
Well Survey System. An inclinometer having a series of ball type levels of different 

sensitivities, contact of a ball with the outside edge operating a signalling system which 

imparts a characteristic series of blows to a diaphragm in contact with the mud column, 
and detecting the signal at the surface acoustically. 





PATENTS 225 


U.S. No. 2,337,442. L. W. Blau. Iss. 12/21/43. App. 8/19/40. Assign. Standard Oil De- 
velopment Co. 
Well Logging. A four electrode electric transient method of logging in which a con- 
denser is repeatedly discharged between two adjacent electrodes and two other ad- 
jacent electrodes are connected to a vacuum tube voltmeter through a high pass filter. 


U.S. No. 2,337,465. J. J. Heigl. Iss. 12/21/43. App. 10/26/40. Assign. Standard Oil De- 
velopment Co. 
Well Logging. A method of continuously logging the fluorescence of the drilling 
mud by automatically removing a sample from the mud stream, agitating with a sol- 
vent, and measuring the fluorescence of the extract by means of a photocell and meter. 


U.S. No. 2,338,028. H. G. Doll. Iss. 12/28/43. App. 12/17/40. Assign. Schlumberger 

Well Surveying Corp. 

Well Surveying Instrument. A multi-shot photographically recording well surveying 
instrument controlled from the surface over a multiconductor cable and using a mag- 
netic compass and a ball type level and having circuits permitting electric logs to be 
made over the same cable. 


U.S. No. 2,338,029. H. G. Doll. Iss. 12/28/43. App. 1/21/41. Assign. Schlumberger Well 
Surveying Corp. 
Well Surveying Apparatus. A multi-shot photographically recording well surveying 
instrument controlled from the surface over a single conductor cable and using a mag- 
netic compass and a ball type level. 


MISCELLANEOUS 
U.S. No. 2,330,144. D. D. Powers. Iss. 9/21/43. App. 5/4/39. Assign. The Dow Chemi- 
cal Co. 


Apparatus for Treating Wells. A device for separately acidizing different formations 
penetrated by a well and having two sets of nozzles separated by a packer, the switch 
from the lower nozzles to the upper being accomplished by dropping a ball into a valve 
and then rupturing shear plates covering the upper nozzles. 


U.S. No. 2,331,057. L. Spencer. Iss. 10/5/43. App. 3/4/42. Assign. Lane-Wells Co. 


Gun Perforator. A perforating gun made up in unit sections, each of which has a 
powder chamber, barrel and projectile, the successive units being fired by the gases from 
the preceding unit. 


U.S. No. 2,331,058. J. C. Stick, Jr. Iss. 10/5/43. App. 8/15/42. Assign. Lane-Wells Co. 


Firing Apparatus for Gun Perforators. Apparatus for firing a gun perforator through 
high resistance cable by using a condenser in the gun and a relay which connects the 
condenser to the detonator when the voltage has attained a sufficiently high value to 
fire. 


U.S. No. 2,331,617. D. W. Moore, Jr. Iss. 10/12/43. App. 3/31/42. Assign. Fairchild 
Aviation Corp. 


Magnetic Field Responsive Device. An automatic compass which consists of a coil 
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energized by a-c and having a high permeability armature mounted in the plane of the 
coil, so that magnetization of the armature, when it is out of normal to an external field, 
causes oscillations in the field of the coil, the armature being connected to a piezo-crystal 
generator and the whole unit rotated by a follow-up motor which orients the device 
normal to the field. 


U.S. No. 2,332,807. T. V. Moore, Iss. 10/26/44. App. 5/2/41. Assign. Standard Oil De- 
velopment Co. 
Fluid Density Indicator. A device for continuously recording the density of a fluid 
by means of two immersed masses of different density attached to a shaft by lever arms 
at right angles, the variation in equilibrium position of the shaft being recorded. 


U.S. No. 2,332,994. C. S. Draper and W. Wrigley. Iss. 10/26/43. App. 9/25/40. Assign. 
Sperry Gyroscope Company, Inc. 
Acceleration Measuring Device. An accelerometer for vibration investigations and 
having a double cantilever spring suspension, oil damping corrected for temperature by 
means of a bimetallic element and magnetic bridge type transducer energized with a-c. 


U.S. No. 2,333,164. G. H. Fisher. Iss. 11/2/43. App. 5/17/41. Assign. Phillips Petro- 
leum Co. 


Fluid Flow Meter Mechanism. An impeller type fluid flow meter for lowering into a 
well, the impeller speed being indicated at the surface either by a selsyn system or by a 
contactor and frequency meter. 


U.S. No. 2,334,843. A. C. Ruge. Iss. 11/23/43. App. 9/16/39 and 8/4/42. 


Strain Gauge with Thermal Current Control. A filament type strain gauge having 
small diameter leads from the main current leads to the gauge and cemented to the 
body subject to strain, so as to dissipate conducted heat. 


U.S. No. 2,334,992. W. St.M. E. Crake. Iss. 11/23/43. App. 10/8/40. Assign. Shell 
Development Co. 


Floating Drilling Barge. A drilling barge with vertical hydraulic rams having shoes 
which rest on the water bottom, the hydraulic pressure on the ram being automatically 
regulated by a stabilizing system which keeps the barge level in spite of shifting loads. 


U.S. No. 2,336,500. J. O. Osterberg. Iss. 12/14/43. App. 5/29/42. 


Apparatus for Determining Soil and Hydrostatic Pressure. A device to be buried in 
the earth and consisting of two diaphragms having filament type electric strain gauges 
attached, one diaphragm being loaded with the total soil pressure and one with total 
soil pressure minus hydrostatic pore pressure. 


U.S. No. 2,337,231. R. T. Cloud. Iss. 12/21/43. App. 1/22/42. Assign. Stanolind Oil and 
Gas Co. 


Nondestructive Testing Method and Apparatus. An a-c magnetic hysteresis testing 
method for continuous testing of ferrous metal using an exciting coil and a pick-up coil 
and combining their emfs in several ways to obtain information on several properties. 
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U.S. No. 2,337,608. H. A. Hulsberg. Iss. 12/28/43. App. 4/18/42. Assign. Universal Oil 
Products Co. 


Liquid Level Indicator. A device for determining liquid level in a closed container 
having a non-magnetic float chamber with an iron float and having an external coil 
which is moved into the position of maximum impedance. 


Errata 


In the January 1944 issue, under Geochemical Prospecting, patents No. 2,329,824, 
2,330,021 and 2,330,026 were out of numerical order. The patent numbers are correct 
however. 

In the January 1944 issue, under Well Logging and Surveying, patent No. 2,327,768 
should read No. 2,327,658. 


PUBLICATIONS RECEIVED 


(The publications listed below were received since issuance of GEopuysics for Jan- 
uary, 1944, and are available for loan to the membership. Articles cited are those of 
particular interest to geophysicists.) 


American Journal of Science, Vol. 241, No. 12 (December, 1943); Vol. 242, Nos. 1-3 
(January-March, 1944, New Haven). 

Bulletin of the American Association of Petroleum Geologists, Vol. 27, No. 12 (December, 
1943); Vol. 28, Nos. 1-3 (January-March, 1944, Tulsa). 

Economic Geology, Vol. XX XVIII, No. 8 (December, 1943, Lancaster). 

Geophysical Abstracts 112-114, United States Department of the Interior, Bureau of 
Mines (January-September, 1943, Washington). 

Independent Petroleum Association of America Monthly, The, Vol. XIV, Nos. 9-11 
(January-March, 1944, Tulsa). 

Journal of Applied Physics, Vol. 14, No. 12 (December, 1943); Vol. 15, Nos. 1, 2 (Jan- 
uary, February, 1944, Lancaster). 

Journal of the Institute of Petroleum, Vol. 29, Nos. 238-240 a ee we 1943); 
Vol. 30, No. 241 (January, 1944, London). 

Petroleum, Vol. VI, No. 12 (December, 1943); Vol. VII, Nos. 1, 2 (January, February, 
1944, London). 

Proceedings of the Cambridge Philosophical Society, Vol. 39, Nos. 1, 2, 3 (March, June, 
October, 1943, Cambridge). 

Review of Scientific Instruments, The, Vol. 14, No. 12 (December, 1943); Vol. 15, No. 1 
(January, 1944). 

Revista de Ciencias, Vol. XLV, Nos. 444, 445 (June, September, 1943, Lima). 

Terrestrial Magnetism and Atmospheric Electricity, Vol. 48, No. 4 (December, 1943 
Maryland). 

World Petroleum, Vol. 15, Nos. 1-3 (January-March, 1944, New York). 
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LESTER HAROLD WISE (1905-1943) 


Lester Harold Wise, a member of the Society of Exploration Geophysicists for a 
number of years, died in Odessa, Texas on November 14, 1943 after a short illness. He 
had been active in exploration work from 1926 to the time of his death. During this 
period he made many friends in the oil fraternity and did outstanding work in pioneer- 
ing seismograph exploration throughout the Mid-Continent. 

Lester was born in Howard County, Indiana, July 17, 1905, to Samuel and Anna 
Wise. He attended the Howard Township High School until 1922 and received his de- 
gree in Geology from the University of Indiana in 1926. ‘‘Les” was active in numerous 
extra-curricular activities, member of the Delta Upsilon social fraternity and Sigma 
Gamma Epsilon, geological fraternity. 

Lester married Cleo Warne of Kokomo, Ind., in Shawnee, Okla. on October 25, 1929. 

He was employed by the Stanolind Oil and Gas Company Geological Department 
for two and one-half years, by the Geophysical Research Corporation for six years, and 
by the National Geophysical Company for three and one-half years. For approximately 
three years prior to his untimely death he had been employed by the Seismograph De- 
partment of Stanolind Oil and Gas Company. Lester was a member of the Evangelical 
Church and Masonic Lodge, Scottish Rite Bodies. 

“Les” was a well known figure in Oklahoma and Texas and was admired and re- 
spected by all. He had, among other virtues, that touch of humanitarianism which is 
indeed a rare characteristic. His passing leaves a void that cannot be filled in his pro- 
fession and in the hearts of his many friends. 

Mrs. Cleo Wise, a daughter, Emily Louise, aged 11, and a son, Dale Warne, aged 4, 
are now residing in Kokomo, Indiana. ’ Srpon Harris, Ft. Worth, Texas 
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JOHN GALLATIN KEARBY 


Major John G. Kearby was killed instantly on August 2, 1943, when the twin- 
engined training plane in which he was flying crashed at the Charlevoix Airport, 
Charlevoix, Michigan. He died performing instrument test work of the nature in which 
he has been engaged since reporting to Wright Field, Dayton, Ohio, in October, 1941. 

Major Kearby was born in Wills Point, Texas, in 1905. Upon completion of a two- 
year course at the North Texas Agricultural College, in which he was awarded the 
junior college degree of Associate in Sciences in Electrical Engineering, he taught in the 
public school at Handley, Texas. In 1928 and 1929 he attended Southern Methodist 
University, meanwhile working at the University as an instrument maker, and in the 
latter year received his B.S. in Physics. He remained at S. M. U. asa Fellow in Physics 
until 1931, when he received his M. S. 

Upon completion of his post-graduate work, Major Kearby went to Peacock 
Academy in Dallas as Head of the Science Department, remaining there until 1933. 
At that time he joined the Industrial Physics staff of Standard Laboratories, also in 
Dallas. In 1935 he became associated with Geophysical Service, Inc., as an observer, 
and in the following year joined the Society (then the Society of Petroleum Geo- 
physicists). Upon leaving G. S. I. he returned briefly to Standard Laboratories, and 
then joined the staff of the engineering journal, Drilling, as Technical Editor. 

John G. Kearby was commissioned a Captain in 1941 and was assigned to the 
Army Air Forces Materiel Command’s Equipment Laboratory at Wright Field. He 
was subsequently elevated to the rank of Major, and until his death was engaged in 
experimental work on navigation instruments. He retained, his active status in the 
Society until his death. 

Major Kearby is survived by his wife and a daughter, Norma, who reside at 5548 
Longview Street, Dallas, Texas. 
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CONTRIBUTORS 


Witt1aM L. RussELt specialized in geology 
during his undergraduate and graduate work, 
receiving a B.A. in 1920, M.S. in 1922, Ph.D. 
in 1927, all from Yale University. From 1920- 
1940 he was engaged in geological work for the 
State Geological Surveys of South Dakota and 
New York, the United States Geological Sur- 
vey, various independent oil companies, the 
Tide Water Associated Oil Co. (1935-1938), 
and the Standard Vacuum Oil Co. in South 
Africa (1938-1940). From 1940 to 1943 Dr. 
Russell was employed in geological studies 
connected with radioactivity for Well Surveys, 
Inc., and during the past year has been engaged 
in geophysical research for the Stanolind Oil 
and Gas Co. He is a member of the Society of 
Economic Geologists and of the American 

Wit11aM L. RussELL Association of Petroleum Geologists. 


W. B. Acocs received the B.S. degree from 
Lehigh University in 1934, and the M.S. de- 
gree, in Physics, in 1944. From 1934 to 1940 
he was in the employ of the Gulf Research and 
Development Company as a’seismic geophysi- 
cist and party manager, spending four years 
of the period in Venezuela. From 1940 until 
recently, when he entered the employ of the 
Atlantic Refining Company to do geophysical 
exploration in Venezuela, he has been a gradu- 
ate student and graduate assistant in physics 
at Lehigh University. 

Mr. Agocs is a member of Sigma Xi, the 
American Physical Society, the Institute of 
Radio Engineers, and the Society of Explora- 
tion Geophysicists. 


W. B. Acocs 


Photographs and biographies of contributors to this issue not appearing above 
have been published previously, as follows: JosePpH A. SHARPE, Vol. be No. 2, p. 208, 
(April 1942); C. W. Horton, Vol. VIII, No. 3, p. 318, (July 1943); J. A. LEGGE, Jr., 
Vol. VIII, No. 4, p. 436, (October 1943). 





THE SOCIETY ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The Executive Committee has approved for publication the names of the following 
candidates for membership in the Society. This publication does not constitute an 
election, but places the names before the membership at large. If any member has in- 
formation bearing on the qualifications of these nominees, he should send it to the 
Secretary within thirty days. (Names of sponsors are placed beneath the name of each 
nominee.) 

ACTIVE 

John Army Adams 

Henry Salvatori, M. A. Boccalery, T. P. Ellsworth 
Fred Joseph Agnich 

M. C. Kelsey, J. C. Karcher, Cecil H. Green 
Norman Hollis Banta 

R. S. Jackson, T. I. Jarkins, H. M. Falkenhagen 
John Edward Bondurant 

A. J. Hintze, W. H. Courtier, Ardris Haig 
Henry Waring Bradley 

Edward C. Reagor, C. V. A. Pittman, W. R. Ransone 
Howard Rolland Breck 

Stanley W. Wilcox, H. M. Thralls, A. J. Barthelmes 
Cecil Levi Brownlow 

Vincent Miller, W. H. Courtier, Ardris Haig 
Roland White Carter 

Stanley W. Wilcox, H. M. Thralls, A. J. Barthelmes 
Wheaton Christie Clark 

L. F. Athy, H. R. Prescott, John M. Crawford 
Dayton Harris Clewell 

J. P. Minton, Henry C. Cortes, Paul E. Nash 
Glenn Maurice Conklin 

Stanley W. Wilcox, F. B. Leedy, H. M. Thralls 
Carl Colquitt Crenshaw 

A. J. Hintze, Vincent Miller, Ardris Haig 
Robert Osborn Dunbar 

R. P. Hearin, A. J. Hintze, Vincent Miller 
Earling Lester Erickson 

H. R. Prescott, L. F. Athy, E. H. Vallat 
James Welch Gary 

H. B. Peacock, Ewin D. Gaby, Cecil H. Green 
Robert Fred Gore 

Cecil H. Green, M. C. Kelsey, Earl Thomas 
William Ramsay Gray 

Cecil H. Green, H. B. Peacock, Earl Thomas 
George Aloys Grimm 

Stanley W. Wilcox, H. M. Thralls, A. J. Barthelmes 
Gordon Wesley Gulmon 

Virgil W. Teufel, E. T. Nichols, J. W. Hoover 
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Robert Charles Hannum 

R. H. Dana, C. M. England, S. Harris 
Jack Lewis Hollis 

F. B. Leedy, Stanley W. Wilcox, A. J. Barthelmes 
Walter Eugene Jasper 

R. H. Dana, S. Harris, Paul H. Ledyard 
Eugene Clifford Livingston 

E. D. Alcock, Charles C. Williams, J. H. Pernell 
Willis Pershing Martens 

F. B. Leedy, Stanley W. Wilcox, A. J. Barthelmes 
Wallace Lee Matjasic 

J. A. Legge, Jr., Maynard W. Harding, Robert H. Mansfield 
Ralph Eugene McMillan 

T. A. Manhart, Stanley W. Wilcox, A. J. Barthelmes 
Walter Orlando Novelly 

H. M. Thralls, A. A. Fitch, A. J. Barthelmes 
Robert Louis Tucker, Jr. 

J. C. Menefee, Paul E. Nash, William C. Woolley 
Dean Jackson Wolff 

Paul E. Nash, Henry C. Cortes, Thomas J. Bevan 


ASSOCIATE 

Kazim Ergin 

Beno Gutenberg, Maynard W. Harding, Ethel Ward McLemore 
Kenneth Leroy Gardner 

Cecil E. Reel, E. E. Conant, W. H. Myers 
LeRoy Leonard Hammial 

S. P. Weatherby, R. S. Jackson, T. I. Harkins 
Clovis Clinton Kelley 

H. M. Falkenhagen, R. S. Jackson, T. I. Harkins 
Hubert Gray Mace 

C. Hewitt Dix, Norman J. Christie, K. A. Robertson 
William D. Morrison 

R. S. Jackson, T. I. Harkins, H. M. Falkenhagen 
Spencer Raphael Normand 

John H. Wilson, James L. Morris, T. I. Harkins 
Grady Thompson 

Arland I. Innes, M. H. McKinsey, Roy L. Lay 


TRANSFER FROM ASSOCIATE TO ACTIVE STATUS 
John Edward Backman John Charles Hoffman 
James Turner Gilliam Elmore Lawrence Mount 


TRANSFER FROM STUDENT TO ASSOCIATE STATUS 


Kennedy Robert Marble Allen Minard Rugg, Jr. 
Charles Winfield Oliphant 














PERSONAL ITEMS 


(Items for inclusion herein should be addressed to the Society at P.O. Box 1925, 
Washington, D. C.) 

Society officers for the coming year, as determined by the mail ballot at the Annual 
Meeting in Dallas, Texas, are: W. M. Rust, JR., president; HENRY C. CorTEs, Vice- 
president; W. HarLan Taytor, Secretary-Treasurer. R. D. Wyckorr is past president, 
and JosEpH A. SHARPE is serving the last year of a three year term as editor. 

RoLanp F. BEERs, president of The Geotechnical Corporation, announces the re- 
moval of its Research Laboratory from Lincoln, Mass., to 149 Sidney Street, Cam- 
bridge 39, Mass. Dr. Beers will be located at the new address. Offices remain at 1702 
Tower Petroleum Building, Dallas, Texas, as formerly. 

Major Epwarp Lipson recently returned to the United States after participation, 
as a member of the Headquarters Section of the Seventh Army Signal Corps, in the 
North African and Sicilian campaigns. He islocated at 3450 Gunston Road, Alexandria,V. 

Puit F. Martyn has advised the Society that he is now associated with the J. S. 
Abercrombie Company, with offices in the Gulf Building, Houston, Texas, as Chief 
Geologist. 

A. B. Woop, Seismologist with the Caribbean Petroleum Company, lists Aptdo. 8, 
Barcelona, Venezuela, as his mailing address. 

Lt. (jg) Nat H. PRapE is now overseas, the Society has been notified. Mail may be 
addressed to him at 201 Abiso Avenue, San Antonio, Texas. 

Rosert L. GEYER, of the Shell Oil Company, has moved from Bad Axe, Mich., to 
Clinton, Okla., where his postal address is Box 61. 

Capt. RaLpu D. Lynn is attached to the 290th F. A. Obsn. Bn., at Ft. Leonard 
Wood, Mo. 

The Fort Worth offices of the Independent Exploration Company have been moved 
from 2015 to 2210 Ft. Worth National Bank Bldg., Joun H. W1son has advised. 

Lt. Ir. J. J. H. JANSEN M., of the Dutch Air Force, has been transferred from 
Chicago, Illinois, to Kenilworth Rd., Rye, N. Y. 

J. F. Jupson left the States March 13 for South America, where he will be located 
at the Bolivar Hotel, San Felipe, Estado Yaracuy, Venezuela. 

James A. Brooks, JR., has been returned to inactive duty by the Navy, in which 
service he was commissioned Lt., and is resuming geophysical exploration with the 
Humble Oil and Refg. Co., in Houston, Texas. His home address is 2516 Ella Lee Lane, 
Houston 6. 

The Geophysical Instrument Company announces the completion and occupancy of 
its new research laboratories and scientific instrument plant at Key Blvd. and Nash 
St., Arlington, Va. 

Lewis Mis is rated Chief Radio Technician in the U. S. Coast Guard. His mailing 
address is 2555 Jasmine St., New Orleans, La. 
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C. H. McAttsTEr has left the Naval Ordnance Laboratory in Washington, D. C., 
to accept a position as Geophysical Co-ordinator with the Sinclair-Wyoming Oil Co. 
His address is P. O. Box 99, Jackson, Miss. 


G. A. Burton, of the Shell Oil Co., has been transferred from Bakersfield to Casper, 
Wyoming, where he is located at 156 S. Center St. 


J. W. Fiupe, who has been doing civilian work with the Navy for the past two 
years, has been commissioned Lt. in the U. S. N. R. He is now located at Deperming 
Station, Naval Supply Depot and Drydock, Bayonne, N. J. 


R. P. HEartn, Seismograph Party Chief with the Phillips Petroleum Company, is 
located on 12th St., Arkadelphia, Ark. 


KENNETH E. Burc has been promoted to Geophysical Supervisor in charge of the 
Geophysical Department of the Stanolind Oil and Gas Co., P. O. Box 591, Tulsa, 
Okla., replacing WALTER H. Amis, who resigned to organize a consulting geophysical 
company. 

ABDUL KHALiIQg MEuta has left the Anchor Exploration Co. to accept a position as 
Computer and Observer with the National Geophysical Co., Tower Petroleum Bldg., 
Dallas, Texas. 


Francis A. Roserts and G. E. Scuuttis, of the Carter Oil Co., have been trans- 
ferred from Pauls Valley to Woodward, Okla. 


Harry H. Sisson, formerly of the General Geophysical Co., is now employed by 
the Gulf Oil Corporation as a Geologist. He is located in Midland, Texas, with the postal 
address Box 1150. 


RosBeErt J. McGAnn, of the western Geophysical Company, is currently located in 
Los Banos, Calif. 


Major LEonarp F. Uuric, U. S. Army Ordnance Dept., has requested that mail 
be addressed to him in care of Mrs. Nell C. Uhrig, c/o E. T. Chapman, Lolita, Texas. 


Ens. EpwArD FosTER, JR., is attending the Postgraduate School at the U. S. Naval 
Academy, Annapolis, Md. 


E. A. FAIN has been commissioned Lt. (jg) in the U. S. N. R. He is serving in the 
Office of Inspector of Naval Aircraft, Pratt and Whitney Aircraft Corp. of Mo., 95th 
and Holmes Rd., Kansas City 10, Mo. 


Ratpu C. Hotmer has left the Charleston Navy Yard to accept a position with the 
California Co., 1818 Canal Bldg., New Orleans 12, La., as Geological Observer on a 
Gravity Meter Crew. 


Matvin G. HorrMan, formerly Chief of the Facilities Section of the Petroleum 
Administration for War’s Production Division, is now Chief of the Reserves Section. 
His home address remains 3821 W St., SE (Fairfax Village), Washington, D. C. 


M. P. Jones has left Geophysical Service, Inc., and is President of the Triangle 
Transportation Co. of Houston, 7111 Harrisburg Blvd., Houston 11, Texas. 


P. P. Conran is Gravity Computer with the Socony-Vacuum Oil Co., Aptdo. 246, 
Caracas, Venezuela, S. A. : 
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J. P. Carson, until recently in the Special Engineering Division at the Panama 
Canal, has been commissioned Lt. (jg) in the U. S. N. R. His home address is Trafford, 
Pa. 

CHarLEs E. Myers, Party Manager with Rogers-Ray, Inc., left the States in 
December for South America, where he expects to remain for two years. His mailing 
address, as before, is P. O. Box 492, Rosenberg, Texas. 


Ens. WitttAm I. MAYFIELD, formerly with the Petty Geophysical Engineering Co., 
has completed training in the Eighth Naval District, and is awaiting assignment at the 
U. S. Naval Armed Guard Center, New Orleans, La., as commander of a Navy gun 
crew aboard an American merchant ship. He is retaining his residence at 906 Camden 
St., San Antonio, Texas. 


Howarp F. GEMMELL, formerly with the Gulf Research and Development Co., has 
been commissioned Lieutenant in the U. S. Navy. His permanent address is 3837 Os- 
wego St., North Side, Pittsburgh 12, Pa. 


NEWTON PAGE, of the Seismograph Service Corporation, is now in foreign service. 
He should be addressed in care of the Seismograph Service Corp. of Delaware, Aptdo. 
1488, Caracas, Venezuela, S. A. 


Prc. HENRY SCHOELLHORN III, Army Serial No. 38055857, should be addressed at 
APO 9609, c/o Postmaster, New York, N. Y. He was formerly located at Camp Atter- 
bury, Ind. 


R. L. SARGENT, formerly Party Chief with the National Geophysical Co., is now 
employed as Party Chief for the Apache Exploration Co., P. O. Box 1711, Houston 1, 
Texas. 

Guy O. BucKNER, JR., has left the Magnolia Petroleum Co. to accept a position as 
Draftsman in the Geophysical Laboratory of the Texas Co., P. O. Box 425, Bellaire, 
Texas. 


J. M. BuGBEE, petroleum engineer and geologist, formerly with the Standard Oil 
Co. of California and more recently with the Baroid Sales Division of the National 
Lead Co., is now in the Exploitation Division of Shell Oil Co., Inc., Houston, Texas. 
His home address remains 2232 Tangley Road, Houston 5, Texas. 


R. D. MILLER, until recently a Physicist at the Carnegie Institute of Washington 
has joined the staff at Johns Hopkins University, 8621 Georgia Avenue, Silver Spring, 
Md. 

Major Joun M. Nasu, Signal Corps, has been transferred to the Communication 
Section, Hq. Third Air Force, Tampa, Fla. 


B. W. Koepp£t, of the Seismograph Service Corp., has been transferred from King- 
man, Kans., to Purcell, Okla. 


Wixt1aM R. Perret, Asst. Physicist with the War Dept. Corps of Engrs. at Vicks- 
burg, Miss., when he joined the Society this past year, is now Sr. Physicist with the 
Clinton Engineering Works of the Tennessee-Eastman Corp. His mailing address is 
P. O. Box 1087, Oak Ridge, Tenn. 


V. G. FEATHER has left the Phillips Petroleum Co. to accept a position as Seismo- 
graph Supervisor with the Anchor Exploration Co., 2009 First National Bank Bldg., 
Oklahoma City 2, Okla. 
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C. H. Gerpes, formerly with the Socony-Vacuum Oil Co., is now in the Foreign 
Division, Petroleum Administration for War, 2223 Interior Bldg., Washington, D. C. 


Putt P. Gasy, District Supervisior with Geophysical Service, Inc., is located at 
2115 Farris St., Fresno, Calif. 


A. A. Hunzicker, Party Chief with the Texas Co., has been transferred from Mt. 
Vernon to Nashville, Ill., where he has the postal address Box 32. 


Cart. JoHn A. PRANGLIN, who served with Independent Exploration, Mott-Smith, 
and Lane-Wells prior to his enlistment, is serving as Commanding Officer of a Mobile 
Petroleum Laboratory with the Fifth Army, according to a story appearing in the 
November 23 issue of Stars and Stripes. It is the Laboratory’s task to analyze captured 
fuel oils and lubricants to determine whether they have been contaminated and, if not, 
their applicability to army tasks. The story notes that an estimated 250,000 gallons of 
petroleum products had been reclaimed through the unit’s efforts, and that it had also 
proven of use in the identification of incompletely labelled Allied products. The story 
was forwarded to the Society from Pearsall, Texas, where Capt. Pranglin may be ad- 
dressed in care of his father, Judge John L. Pranglin. 


Morris BRENNER is now Assistant Physicist with the National Bureau of Stand- 
ards. His address is 4117 37th St., Washington 8, D. C. 

C. H. AcHEsoN, formerly with the Tropical Oil Co., El Centro, Colombia, is now 
with the Imperial Oil Co., 301 Examtner Bldg., Calgary, Alberta, Canada. 


Henry F. Wise, of the United Geophysical Co., is on foreign duty. He may be 
addressed in care of the comnpay at Casilla No. 600, Punta Arenas, Magellanes, Chile. 


Joun C. Stick, Jr., last with Lane-Wells, has joined the staff of the Division of 
Physical War Research, Duke University, Durham, N. C., for the duration. 


H. M. House has left the Arkansas Fuel Oil Co. to accept a position with Robert H. 
Ray, Inc., as Party Chief of a Gravity Crew. He may be addressed in care of the Socony- 
Vacuum Oil Co. de Colombia, Aptdo. Aereo 4034, Bogota, Colombia, S. A. 


Prc. Louts C. PaKIsER, JR., Army Serial No. 37343719, should be addressed at 
APO 9492, c/o Postmaster, New York, N. Y. 


A. N. Esy, of the Superior Oil Co., has been transferred from Houston, Texas, to 
Wiggins, Miss., where his postal address is Box 37. 

Wiis A. SEyFFERT, Asst. Sales Manager for E. I. du Pont de Nemours & Com- 
pany’s Explosives Division, has been transferred from Joplin, Mo., to Dallas, Texas, 
where his address is 4125 Shenandoah. 

ALBERT J. Z. CaAN, recently elected to membership, has been transferred from the 
New York offices of the Socony-Vacuum Oil Co. to the same company’s Caracas, Ven- 
ezuela, office. His mafling address in that South American city is Aptdo. 246. 

J. B. SourHer has advised the Society of his change of address from San Antonio, 
Texas, to 944 D St., Lincoln, Neb. 


SAM ZIMERMAN, of the Carter Oil Co., is presently located in Ft. Morgan, Colo., 
where his postal address is Box 512. 
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Lr. (jc) Fretprnc L. MitcHE Lt, U.S. N. R., is located at 852 Pacific Avenue, Long 
Beach 2, Calif. 


H. L. Rasf&, Jr., of the Gulf Research and Development Co., has left the Pacific 
Coast, and should be addressed at P. O. Drawer 2038, Pittsburgh 30, Pa. 


Krrpy J. WARREN, of the Carter Oil Co., has been transferred from Douglas, 
Wyo., to Forest, Miss. 


L. B. Tromsia, Party Chief with the Superior Oil Co., has been transferred from 
Red Bluff, Calif., to Watonga, Okla., where his mailing address is Box 366. 


J. B. Hersuey has advised the Society of his change of address from 1517 R St. 
NW, Washington 9, D. C., to c/o A. W. Low, 560 S. Third Ave., Middleport, Ohio. 


V. E. Cuttp has as his new mailing address Box MM, Hamlin, Texas. 


R. F. ALDREDGE, with Seismograph Service Corp. of Delaware, may be addressed 
c/o Tropical Oil Co., Aptdo. 3533, Bogota, Colombia, S. A. 

E. I. HEAD, of the Gulf Research and Development Co., has been transferred from 
Schulenberg to Hebronville, Texas, where his postal address is Box 117. 


RoseErt W. Jones, of the same company, has advised the Society of his change of 
address from Monahans to Conroe, Texas, where his address is Box 821. 


The business office of the SocreTy OF EXPLORATION GEOPHYSICISTs is being trans- 
ferred from Washington, D.C., to El Dorado, Arkansas. All Society correspondence, 
except on editorial matters, should be addressed to: 


J. F. Gallie, Business Manager, 
Society of Exploration Geophysicists 
P.O. Box 410 

El Dorado, Arkansas 











HISTORY OF 
THE SOCIETY OF EXPLORATION GEOPHYSICISTS 


In July, 1929, Donald C. Barton, then an independent, addressed a letter to a num- 
ber of leading geologists and geophysicists relative to the feasibility of forming a geo- 
physical society. Unfortunately no copy of this letter has been located in the Society 
files. However, some twenty replies which were received in the ensuing months provide 
an indication of its content, and make it evident that Dr. Barton was initially concerned 
with three problems related to establishment of a geophysical society: 


1. The interest which might be manifested in such an organization among geologists 
and geophysicists. 

2. The cooperation which might be expected from the various companies in the re- 
lease of information for technical papers. 

3. The relative advisability of establishing the group independently or as a geo- 
physical section of the American Association of Petroleum Geologists, to 
which many of the men already belonged. 


The replies received gave ample evidence of widespread interest in formation of the 
group. Geophysical exploration for petroleum was just then becoming firmly estab- 
lished, with initial geophysical discoveries in the United States having taken place only 
five years earlier, when the Nash dome in Fort Bend County, Texas, was located by 
torsion balance, and the Old Orchard dome, in the same county, was found with the 
aid of the refraction seismograph. As might have been expected, however, diverse views 
were held with respect to the several other issues involved. 

Encouraged by these replies, and feeling that the matter should be given group con- 
sideration, Dr. Barton called a luncheon meeting at the University Club in Houston for 
January 30, 1930, at 12:15 P.M. At that time a committee was appointed to investigate 
the matter of affiliation with the A.A.P.G. more fully and to prepare a report for pres- 
entation at a second luncheon meeting, announced for Friday, March 7, at the same 
time and place. John F. Weinzierl, J. Brian Eby, and G. H. Westby were appointed to 
serve as members of this committee. 

The findings presented at the scheduled meeting may be summarized as follows: 


1. The A.A.P.G. Constitution made no provision at the time for the entrance of 
duly qualified geophysicists upon an equivalent level with geologists. 

2. Should the Constitution be amended at the New Orleans Convention, it was 
recommended that a petition be presented to the A.A.P.G. for formation of a 
section similar to the Society of Economic Paleontologists and Mineralogists. 

3. As an alternate plan to the foregoing, creation of an independent society was 
proposed. 


Some idea of the tenor of the second meeting may be derived from the follow-up 
letter quoted below: 
March 10, 1930 
Dear Fellow-Geophysicist: 

_ A committee appointed by Dr. Barton made its report at a noonday luncheon last 
Friday, March 7th. The purpose of this committee was the investigation of the possibili- 
ties of organizing a geophysical society affiliated with the A.A.P.G. 

_ After considerable discussion this subject was left to hang fire. It was agreed that 
a night session was in order at the University Club beginning on the evening of March 
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11th, at 8 p.m. This would give sufficient time, all night if necessary, to bring to discus- 
sion all matters involved. 
You are kindly requested to be present and hear a further report by the committee 
and enter into the ensuing discussion. 
Hoping that you will find it convenient to be present, Iam 
Very truly yours, 


(signed) 
JFW:RH Joun F. WEINZIERL 


The meeting the evening of March 11, which was attended by twenty-nine inter- 
ested individuals, saw formulation of definite plans for the new society, with decisions 
being reached upon several matters. It was determined that the Society of Economic 
Geophysicists, as the name was first proposed, should be established as an independent 
group, with the possibility of affiliation with the A.A.P.G. to be discussed with the 
proper committee thereof. Moreover, officers were elected, as follows: Donald C. 
Barton, President; E. E. Rosaire, Vice-President; and John F. Weinzierl, Secretary- 
Treasurer. Finally, the motion was made and carried that these officers prepare a suit- 
able Constitution and By-Laws. 

On the evening of May 20, at a banquet held at the Lamar Hotel, a briefly worded 
Constitution and By-Laws was adopted by the thirty members listed as being in at- 
tendance. In the following month, formal enrollment of members began with distribu- 
tion of application forms to all of those in attendance at previous meetings. 

In December of the same year, E. L. DeGolyer, who played a leading role in the 
initiation of geophysical exploration in this country, and L. Mintrop, whose Seismos 
instruments were used in the first seismic surveys, were elected to honorary membership 
in the Society. At about the same time, “A Suggested Method of Approach for the 
Determination of Salt Dome Overhang,” by O. C. Lester, Jr., was distributed to the 
membership in mimeographed form as Special Paper No. 2 of the Society of Petroleum 
Geophysicists. Special Paper No. 1, ‘““A Universal Slope Chart for Use with the Seismic 
Method of Geophysical Prospecting (Refractions),” by O. C. Lester, Jr., and S. W. Wil- 
cox, had not yet been released because of patent considerations, and was not available 
until the following year. 

In February, 1931, in view of the fact that the summarily prepared Constitution 
and By-Laws failed to state the method of nominating candidates for office, Dr. Barton 
appointed two committees to prepare independent slates of officers for submission at 
the San Antonio meeting. An editor was to be added to the list of officers but it was 
stipulated that this office could be held concurrently by one of those otherwise serving. 
One committee was composed of George M. Bevier (Chairman), L. W. Blau, Elisabeth 
Stiles, and Louis A. Scholl, Jr.; the second included D. M. Collingwood (Chairman), 
C. M. Ross, Dabney E. Petty, and Bela Hubbard. 

In March the Society convened with the A.A.P.G. in San Antonio, Texas. At that 
time Donald C. Barton was re-elected President, G. H. Westby was elected Vice- 
President, John F. Weinzierl was re-elected Secretary-Treasurer, and Paul Weaver was 
elected Editor. Most of the papers presented at this time appeared in the November 
and December, 1931, issues of the A.A.P.G. Bulletin, and were reprinted in a single 
volume for Society members. 

In mid-1931, as a consequence of the depression, there was very appreciable dis- 
location of geophysicists, some independent companies being forced to shut down alto- 
gether, and some of the majors cutting their staffs by as much as two-thirds. Despite 
these difficulties, a highly satisfactory program of thirteen papers was secured by Dr. 
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E. A. Eckhardt for presentation in New Orleans, Louisiana, December 30, 1931, before 
the jointly assembled Society of Petroleum Geophysicists, Section E (Geology) of the 
American Association for the Advancement of Science, and the American Physical 
Society. Nine of these were subsequently printed in the March, 1932, issue of Physics, 
‘and were reprinted by the S.P.G. for distribution to the membership. 

On December 31, the Executive Committee of the Society of Petroleum Geophysic- 
ists made formal application for acceptance as the Division of Geophysics of the 
American Association of Petroleum Geologists, a request which was granted by accepi- 
ance at the Oklahoma City meeting on March 26, 1932, with the Charter being issued 
April 6. At this meeting, also, the newly-elected officers of the Society were announced 
to be: 

Paul Weaver, President 

G. H. Westby, Vice-President (re-elected) 

John F. Weinzierl, Secretary-Treasurer (re-elected) 
L, W. Blau, Editor 


Most of the papers presented at the 1932 annual meeting were published in the 
A.A.P.G. Bulletin for December of that year, after which they were reprinted for Society 
distribution as Volume III of the Transactions. One, however—William M. Barret’s 
“Semiportable Alternating-Current Susceptibility Meter”—was published in the Sep- 
tember issue of Physics, after which it was issued separately by the Society as Special 
Paper No. 3. 

At the time of the 1933 annual meeting, held in Houston, Texas, in March, the 
Society numbered 87 active members, 11 associates, and 2 honorary members. John F. 
Weinzierl and L. W. Blau were respectively re-elected Secretary-Treasurer and Editor, 
Eugene McDermott assumed the Presidency, and J. P. Schumacher was elected Vice- 
President. The technical papers, which were again published in the 4.A.P.G. Bulletin— 
this time in the January, 1934, issue—were reprinted and distributed to the member- 
ship. In the following year, when the meeting at Dallas witnessed the election of E. E. 
Rosaire as President, L. W. Blau as Vice-President, Bela Hubbard as Secretary-Treas- 
urer, and B. B. Weatherby as Editor, the same method of publication was followed. 
However, several articles from other journals were also reprinted in Volume V of the 
Transactions. 

In 1935 the Society met with the A.A.P.G. in Wichita, Kansas, March 21-23. On 
the first day of the meeting a rather lengthy business committee meeting was held, the 
principal object of which was the amendment of the originally adopted Constitution 
and By-Laws to (substantially) its present form. At this time the method of ballotting 
for officers was changed to a mail ballot, entitling all paid active members to a vote. 
Consideration was also given establishment of an independent Society Journal. New 
officers announced at this time were B. B. Weatherby, President; L. W. Blau, Vice- 
President; G. H. Westby, Secretary-Treasurer; and F. M. Kannenstine, Editor. 

In July, 1935, a separately issued Journal, originally called the Journal of the Society 
of Petroleum Geophysicists, and containing a number of papers presented at Wichita, 
was published. This was in accordance with the decision reached at Wichita. In the 
fall of the same year, also in accordance with a decision reached at the preceding annual 
meeting, the first semi-annual meeting of the Society was held in Dallas, Texas, the 
date being November 29. At that time members present at the business meeting ap- 
proved the change of the Journal’s title to Geopuysics, under which name it has since 
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been published. A second resolution presented at the meeting, but not finally acted 
upon, called for a change in the name of the Society in order that it might be made all- 
inclusive for geophysicists otherwise engaged than in exploration for petroleum. 

The name was officially changed to the Society of Exploration Geophysicists, effec- 
tive as of January 1, 1937, following action taken at the 1936 meetings—the annual 
meeting in Tulsa, Oklahoma, March 19-21, and the second semi-annual meeting in 
Houston, Texas, November 20-21. Also acted upon at the latter meeting was the status 
of the Society with the A.A.P.G., it being approved that the Society resign as a Division 
thereof and apply for reinstatement as an affiliated society. At the annual meeting 
March 17-20, 1937, in Los Angeles, California, the Executive Committee of the 
A.A.P.G. gave its approval to this change of status. 

In 1936 three issues of GEOPHysICs were published; in 1937 and in each succeeding 
year, the journal has been issued quarterly. It is notable that at the end of 1935, when 
the Society had been in existence for six years, there were only 189 members, while the 
total has risen to roor in the ensuing eight years. The more frequent publication of the 
official Society organ must be accorded a principal role in this expansion of the member- 
ship to its present proportions. Following is a recapitulation of Society growth: 


Total Increase 
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Also of fundamental importance have been the individual and cumulative efforts 
of Society officers in broadening the membership. Their attempts have not ceased upon 
giving up office, but have continued unabated. The full effects of this activity have not 
always been discernible until a year or two following their individual terms of office. 
The Society officers from 1930 to the present are listed below: 

Vice-President Secretary-Treasurer Editor 


Year President 


1930-31 
1931-32 
1032-33 
1933-34 
1034-35 
1935-36 
1930-37 
1937-38 
1938-39 
1939-40 
1940-41 
1941-42 
1942-43 
1043-44 
1044-45 


Donald C. Barton 

Donald C. Barton 

Paul Weaver 

as McDermott 
. E. Rosaire 

B B. Deed 


>. Karcher 

. Kannenstine 
. Eckhardt 

. Born 


{. Rust, Jr. 


Henry C. Cortes 


foun F. Weinzierl 
ohn F. Weinzierl 
John F. Weinzierl 
John F. Weinzierl 
Bela Hubbard 
G. H. Wesb 
ge H. Wilson 

. E. Stiles 
H. B. Peacock 
John H. Crowell 
Andrew Gilmour 
W. M. Rust, Jr. 
T. I. Harkins 
Hart Brown 
W. Harlan Taylor 


1 Weaver 

. Blau 

. Blau 

. Weatherby 

. Kannenstine 
. Kannenstine 
. Slotnick 
. Slotnick 
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Early in 1938, as a result of the continued steady growth of the S.E.G. and the work 
added thereby to the Secretary-Treasurer’s duties, a Business Manager was appointed, 
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in the person of J. F. Gallie. Society headquarters have since been in Houston and Aus- 
tin, Texas, Washington, D. C., and El Dorado, Arkansas, where they are now. As of 
January 1, 1936, the assets of the Society totaled $1,409.32. In each succeeding year 
this figure has grown, until it is now almost $18,000.00, the past year having been the 
Society’s most successful, despite the diversion of a fifth of the membership to the 
military services and work directly related to the war. It is, incidentally, an honor to 
the Society that the vast majority of its members have been commissioned upon enter- 
ing the armed forces. 

Since 1937, the Society has continued to meet annually jointly with the A.A.P.G.: 
March 15-17, 1938, in New Orleans, Louisiana; March 21-23, 1939, in Oklahoma City, 
Oklahoma; April 9-11, 1940, in Chicago, Illinois; April 1-3, 1941, in Houston, Texas; 
April 22-24, 1942, in Denver, Colorado; April 7-9, 1943, in Ft. Worth, Texas; and 
March 21-23 of the current year, in Dallas, Texas. In addition, a third semi-annual 
meeting was held in Houston, Texas, November 19-20, 1938. At the Chicago meeting, 
in view of his service to the world’s petroleum geophysicists in the establishment of the 
Society, Donald C. Barton was posthumously elected the fifth honorary member of the 
Society. L. P. Garrett (since deceased) and Wallace E. Pratt, in recognition of their 
furtherance of the application of geophysics to the search for oil, were elected to honor- 
ary membership in 1936. 

In the presentation of the foregoing, the early formative years of the Society’s 
growth have been stressed for several reasons: first, they provide the foundation upon 
which the Society has built to attain its present stature; second, they are the years 
about which Society members, almost four-fifths of whom have been enrolled since 
1937, known least, since they have ready access to more recent information in the re- 


ports of Executive Committee members which have been presented annually of late iia 
“The Society Round Table.” It is hoped that this report will prove of interest to mem- 
bers, both new and old, and that any inaccuracies which may have inadvertently oc- 
curred in setting down this information will be brought to the attention of the Secretary- 
treasurer. 


J. F. GAtiie 
Washington, D. C. 





THE SOCIETY OF EXPLORATION GEOPHXSICISTS 
CONSTITUTION AND BY-LAWS 


(As amended to April, 1943) 
I. NAME 


This Association shall be called the “Society of Exploration Geophysicists.” 


II. Opject 


The object of this Association is to promote the science of geophysics especially as 
it applies to exploration. 


III. MEMBERSHIP 


A—Members 


I. 


Any geophysicist of recognized standing shall be eligible to membership, whether 
or not he is engaged in petroleum geophysics or in geophysical prospecting. 


. Any physicist, mathematician, geologist, or engineer of recognized standing 


who is investigating a geophysical problem or problems shall be eligible to 
membership. 


. Any geologist of recognized standing who is not a geophysicist of recognized 


standing, but who is acting as chief, or division chief in charge of geophysical 
surveying, shall be eligible to membership. 


B—Associates 


I. 


Any geophysicist, geologist, engineer, mathematician, or physicist who is a 
graduate of an institution of recognized scientific standing who is engaged in 
geophysics and who is not eligible to membership shall be eligible to associate 
membership. 


. Any person who is not a graduate of an institution of recognized scientific 


standing and who is not eligible to membership and who has shown ability in a 
routine phase of geophysical work and who is in a position of responsibility in 
geophysical surveying shall be eligible to associate membership. 


. Any representative or employee of a firm or corporation engaged in supplying 


equipment or supplies to the geophysical prospecting industry, provided such 
individual is the graduate of an institution of recognized scientific standing, or 
provided otherwise that such individual is qualified by adequate technical ex- 
perience, shall be eligible to associate membership. 


. Associate members shall be known as associates. 
. Associates shall enjoy all the privileges of membership in the Society, save that 


they shall not hold office, sign applications for membership, or vote; neither 
shall they have the privilege of advertising their affiliation with the Society in 
professional cards or professional reports or otherwise. 


. The Executive Committee may advance to active membership, without the 


formality of application for such change, those associates who have, subsequent 
to election, fulfilled the requirements for active membership. 


C—Student Members 


I. 


Any graduate or undergraduate student in residence at a recognized university 
or college shall be eligible for student membership. 
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2. Student membership shall terminate one year after a student member ceases to 
be enrolled at a recognized university or college. 

3. The privileges of student members shall be the same as those of associate mem- 
bers. 


D—Election to Membership 

1. Every candidate for admission as a member or associate shall submit a formal 
application on an application form authorized by the Executive Committee, 
signed by him, and endorsed by not less than three members who are in good 
standing, stating his training and experience and such other facts as the Execu- 
tive Committee shall from time to time prescribe. Provided the Executive Com- 
mittee, after due consideration, shall judge that the applicant’s qualifications 
meet the requirements of the Constitution, they shall cause to be published in 
an appropriate publication the applicant’s name and the names of his sponsors. 
If, after at least thirty days have elapsed since such publication, no reason is 
presented why the applicant should not be admitted, he shall be deemed eligible 
to membership or to associate membership, as the case may be, and shall be 
notified of his election. Provided the Executive Committee may accept appli- 
cants for either class of membership, who, because of their geographical location 
or because of their lack of acquaintance with active members of this Society, 
are unable to secure qualified sponsors, but who otherwise are eligible for mem- 
bership. Applicants for student membership may be accepted as student mem- 
bers upon recommendation of a faculty member of the school they are attend- 
ing, and with the unanimous approval of the Executive Committee. 

. An applicant for membership, on being notified of his election in writing, shall 
pay full membership dues for the current year and on making such payment 
shall be entitled to receive the regular Society publications for that year. Unless — 
payment of dues is made within thirty (30) days by those living within the 
continental United States and within ninety (90) days bythose living elsewhere, 
after notice has been mailed of his election, the Executive Committee may 
rescind the election of the applicant. Upon payment of dues, each applicant for 
membership shall be furnished with a membership card for the current year and 
until such written notice and card are received, he shall in no-way be considered 
a member of the Society. 


E—Honorary Members 
1. The Executive Committee may from time to time and by unanimous action elect 
as honorary members persons who have contributed distinguished service to the 
cause of geophysics. Honorary members shall not be required to pay dues. 
F—Code of Ethics 
1. Membership of any class shall be contingent upon conformance with the estab- 
lished principles of professional ethics. 
IV 
A—Resignation—Suspension—Expulsion 


1. Any member or associate may resign from the Society at any time. Such resig- 
nation shall be in writing and shall be accepted by the Executive Committee, 
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subject to the payment of all outstanding dues and obligations of the resigning 
member or associate. 

2. Any member or associate who is more than one year delinquent (in arrears) 
in payment of dues shall be suspended from the Society. Any delinquent or 
suspended member or associate, at his own option, may request in writing that 
he be dropped from the Society and such request shall be granted by the Execu- 
tive Committee. Any member or asscciate more than two years in arrears shall 
be dropped from the Society. The time of payment of delinquent dues for either 
one year or two years may be extended by unanimous vote of the Executive 
Committee. 

3. Any member or associate who resigns or who is dropped under the provisions of 
Sections 1 and 2 of this article ceases to have any rights in the Society and 
ceases to incur further indebtedness to the Society. 

4. Any person who has ceased to be a member or associate under Section 1 or 
Section 2 of this article may be re-instated by unanimous vote of the Executive 
Committee subject to the payment of any outstanding dues and obligations 
which were incurred prior to the date when he ceased to be a member or associ- 
ate of the Society. 

5. Any member or associate who, after being granted a hearing by the Executive 
Committee, shall be found guilty of a violation of the code of ethics of this 
Society or shall be found guilty of a violation of the established principles of 
professional ethics or shall be found guilty of having made a false or misleading 
statement in his application for membership in the Society, shall be asked to 
resign from the Society by unanimous vote of the Executive Committee. The 
decision of the Executive Committee in all matters pertaining to the interpreta- 
tion and execution of the provisions of this section shall be final. 


V. OFFICERS AND THEIR DUTIES 
A—Officers 


1. The officers of the Society shall be a President, a Vice-President, a Secretary- 
Treasurer, and an Editor. These, together with the Past President, shall con- 
stitute the Executive Committee and managers of the Society. Officers shall be 
elected for a term of one year with the exception of the Editor, who shall be 
elected for a term of three years. 

2. A ticket of nominations for officers and representatives shall be prepared by 
a Committee on Nominations which shall consist of the President and the two 
qualified Past Presidents in order of precedence. Favorable action of this Com- 
mittee shall be two out of three votes. This Committee shall nominate two 
candidates for President, one of whom shall be the retiring Vice-President, and 
two candidates for each of the other offices to be filled. 

The ticket prepared by the Nominating Committee, as well as any other ticket 
presented in writing and signed by at least twenty members in good standing, 
shall be submitted to the President by November 30. The President shall 
secure written acceptance of nominations from each candidate. The names of 
nominees shall be placed on the official ballot which shall be mailed to each 
member not later than December 15. Names of candidates shall be listed 
alphabetically except that the name of the retiring Vice-President shall occupy 
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first place on the ticket. Blank spaces shall be provided on the ballot for writing 

in nominations for each office. 
Each member shall cast one vote for each officer to be elected and shall return 
his ballot to the Secretary-Treasurer. Ballots to be valid must be enclosed in an 
envelope carrying on the outside the written signature of the member submitting 
the ballot, and must be received by the Secretary-Treasurer at his officially 
recognized address not later than ten days prior to the Annual Meeting. Only 
ballots received from members in good standing as of a date ten days prior to 
the Annual Meeting shall be valid. The Secretary-Treasurer shall indicate which 
ballots are valid by initialing the enclosing envelope and shall deliver the ballots 
unopened to the Nominating Committee for counting. 
The Nominating Committee shall count the ballots immediately before the 
Annual Business Meeting. The candidate receiving the greatest number of valid 
votes cast for an office shall be declared elected to that office. In case of a tie, 
the Nominating Committee shall decide by a secret vote which of the candidates 
tied shall be elected. 

. The announcement of the election shall be made as the first of the new busi- 

ness considered at the Annual Meeting. 

3- No one shall hold the office of President for two consecutive years and no one 
shall hold any other office for more than two consecutive years except that of 

Editor. 


B—Duties of Officers 


1. The President shall be the presiding officer at all the meetings of the Society, 
shall take cognizance of the acts of the Society and of its officers, shall appoint 
such committees as are required for the purposes of the Society, and shall dele- 
gate members to represent the Society. He may, at his option, serve on, and 
may be chairman of, any committee. 

2. The Vice-President shall assume the office of President in case of a vacancy 
from any cause in that office and shall assume the duties of President in case 
of the absence or disability of the latter. He shall also act as Chairman of the 
Program and Arrangements Committee of the Society. 

3. The Secretary-Treasurer shall assume the duties of the President in case of the 
absence of both the President and Vice-President. He shall have charge of the 
financial affairs of the Society and shall annually submit reports as Secretary- 
Treasurer covering the fiscal year, which he shall arrange to have published in 
the next regular issue of the recognized organ of the Society. He shall receive all 
funds of the Society and, under the direction of the Executive Committee, shall 
disburse all funds of the Society. He shall cause an audit to be prepared an- 
nually by a public accountant at the expense of the Society. He shall give a 
bond, and shall cause to be bonded, all employees to whom authority may be 
delegated to handle Society funds. The amount of such bonds shall be set by the 
Executive Committee and the expense shall be borne by the Society. The funds 
of the Society shall be disbursed by check as authorized by the Executive Com- 
mittee. 

4. The Editor shall be in charge of the editorial business, shall submit an annual 

report of such business, shall have authority to solicit papers and material for 

the regular Society publication and for special publications, and may accept 
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or reject material offered for publication. He may appoint associate, regional, 
and special editors. 

5. In the event of absence, disability or resignation of any member of the Executive 
Committee, the vacant place in the Committee shall be automatically filled by 
the next preceding qualified Past President who shall be known as Prior Past 
President. 

6. The officers shall assume the duties of their respective offices immediately after 
the Annual Meeting following their election. 


VI. ExeEcuTIVE COMMITTEE—MEETINGS AND DUTIES 


A—Executive Committee 
1. The Executive Committee shall consist of the President, Past President, Vice- 


President, Secretary-Treasurer, and Editor. 
B—Meetings and Duties 


1. The Executive Committee shall meet preceding the annual meeting and at the 
call of the President may hold meetings when and where thought advisable, 
to conduct the affairs of the Society. A joint meeting of the outgoing and in- 
coming Executive Committees shall be held immediately after the close of the 
annual Society business meeting. Members of the Executive Committee may 
vote by proxy, mail or person on all matters which call for favorable or unani- 
mous action. 

2. The Executive Committee shall consider all nominations for membership and 
pass on the qualifications of the applicants, shall have control and management 
of the affairs and funds of the Society, shall determine the manner of publica- 
tion, and shall designate the place of the annual meeting. They are empowered 
to establish a business headquarters for the Society, and to employ such persons 
as are needed to conduct the business of the Society. They are empowered to 
make investments of both general and special funds of the Society. Trust funds 
may be created giving to the trustees appointed for such purpose such discretion 
as to investments as seems desirable to the Executive Committee to accom- 
plish any of its objects and purposes, but no such trust funds shall be created 
unless they are revocable upon ninety (90) days’ notice. Favorable action shall 
consist of a favoring three out of five votes. Committee members may vote by 
person, proxy or in writing. 

VII 
A—Meetings 

1. The Society shall hold at least one stated meeting each year, which shall be the 
annual meeting. This meeting shall be held at a time and place designated by 
the Executive Committee. At this meeting the proceedings of the preceding 
meeting shall be read, Society business shall be transacted, scientific papers 
shall be read and discussed, and results announced of the mail ballot for officers 
for the ensuing year. 

VIII 
A—Amendments 


1. Amendments to this Constitution may be proposed by a resolution of the Execu- 
tive Committee, by a Constitutional Committee appointed by the President, 
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or in writing by any ten members of the Society. All such resolutions or proposals 
must be submitted at the annual meeting of the Business Committee of the So- 
ciety as provided in the By-Laws, and only the Business Committee shall make 
recommendations concerning proposed constitutional changes at the annual 
Society business meeting. If such recommendations by the Business Committee 
shall be favorably acted on at the annual Society business meeting, the Secre- 
tary-Treasurer shall arrange for a ballot of the membership by mail within thirty 
(30) days after said annual Society business meeting, and a majority vote of the 
ballots received within ninety (90) days of their mailing shall be sufficient to 
amend. The legality of all amendments must be determined by the Executive 
Committee prior to balloting. 


B—Parliamentary Regulations 


1. The rules contained in “Robert’s Rules of Order, Revised” shall govern the 
Society in all cases to which they are applicable, and in which they are not in- 
consistent with the By-Laws or the special rules of order of this Society. 


BY-LAWS 


I 
A—Dues 


1. The fiscal year of the Society shall correspond with the calendar year. 

2. The annual dues of members of the Society shall be five dollars ($5.00). The 
annual dues of associates for not to exceed six years after election shall be four 
dollars ($4.00); thereafter, the annual dues of such associates shall be five dollars 
($5.00). The annual dues of student members shall be three dollars ($3.00). The 
annual dues are payable in advance on the first day of each calendar year. A 
bill shall be mailed to each member, associate, and student member before 
January first of each year, stating the amount of the annual dues and the 
penalty and conditions for default in payment. Members, associates, of student 
members who shall fail to pay their annual dues by March fifteenth shall not 
receive further copies of the regular Society publication, shall not be eligible to 
vote, nor shall they be privileged to buy Society special publications at prices 
made to the membership, until such arrears are met. 


II 
A—Publications 


1. The proceedings of the annual meeting, the Constitution and By-Laws, and the 
papers presented at such meeting shall be published at the discretion of the 
Executive Committee in the regular publication or in such other form as the 
Executive Committee may decide best meets the needs of the membership of 
the Society. 

. The payment of annual dues for any fiscal year entitles the member or associate 
to receive without further charge the regular publication of the Society for that 
year. $3.00 ($3.50 foreign) of the annual dues is set aside for payment of the an- 
nual subscription to the Society Journal, Gropnysics. 

. The Executive Committee may authorize the printing of special publications 
to be financed by the Society from its general, publication or special funds and 
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offered for sale to members and associates in good standing at not less than the 
cost of publication and distribution. 

4. The Executive Committee may authorize the awarding of suitable prizes for the 
best papers submitted for publication in Gropnysics under conditions desig- 
nated by it. 

III 


A—Regional Sections, Technical Divisions, and Affiliated Societies 


1. Regional sections of the Society may be established provided the members of 
such sections are members of the Society and shall perfect an organization and 
make application to the Executive Committee. The Executive Committee shall 
submit the application for action first by the Business Committee and second 
to the Society for a letter ballot as for a constitutional amendment, and pro- 
vided that the Society may revoke the charter of any regional section by similar 
action. 

. The Executive Committee may arrange for the affiliation with the Society of 
duly organized groups or societies, which by object, aims, constitution, by-laws, 
or practice are developing the study of geophysics or petroleum technology. 
In like manner, the Executive Committee may arrange conditions for dissolu- 
tion of such affiliations. Affiliation with the Society need not prevent affiliation 
with other scientific societies. Members of affiliated societies who are not mem- 
bers of the Society, shall not have the privilege of advertising their affiliation 
with the Society on professional cards or otherwise, but shall be entitled to re- 
ceive the regular publication of the Society upon payment of a fee equivalent to 
that charged an associate member. 


IV 
A—District Representatives 


1. The Executive Committee may cause to be elected district representatives from 
districts which it shall define by a local geographic grouping of the membership. 
Such districts shall be redesignated and redefined by the Executive Committee 
as often as seems advisable. Each district shall be entitled to one representative 
for each seventy-five members, but this shall not deprive any designated district 
of at least one representative. The repesentatives so apportioned shall be chosen 
from the membership of the district by a written ballot arranged by the Execu- 
tive Committee. They shall hold office for two years, their term of office expiring 
at the close of the annual meeting. In so far as possible, these two-year terms 
shall be overlapping. 

V 


A—Business Committee 


1. The Business Committee shall be a standing committee of the Society to act as 
a council and advisory board to the Executive Committee and the Society. This 
Committee shall consist of the Executive Committee, the Prior Past President, 
and the district representatives. Favorable action by the Business Committee 
shall consist of a favorable two-thirds vote. The Secretary-Treasurer shall act as 
Secretary of the business meeting. Members of this Committee may vote in per- 
son, by proxy, or in writing. The Business Committee shall meet the day before 








250 CONSTITUTION AND BY-LAWS 


the annual meeting at which time proposed changes in the Constitution or By- 
Laws may be considered, all old and new business shall be discussed, and recom- 
mendations may be voted for presentation at the annual meeting. 


VI 
A—Amendments 


1. These By-Laws may be amended by favorable vote of the Business Committee, 
providing that such changes have been recommended and legality approved by 
the Executive Committee. Such amendments shall be published in the next 
regular number of the recognized organ of the Society. 


























SOCIETY OF EXPLORATION GEOPHYSICISTS 
MEMBERSHIP LIST (MARCH, 1944) 


Members are urged to report to the Business Manager at P. O. Box 410, 
El Dorado, Arkansas, any inaccuracies in the following list, which was 
compiled from the most recent information at hand. 


*Acheson, C. H. (Gravity Meter and Magnetometer Party Chief), c/o Imperial Oil Co., 
301 Examiner Bldg., Calgary, Alberta, Canada. 
aoe. Hal R. (Party Chief, Geotechnical Corp.), 1702 Tower Pet. Bldg., Dallas 1, 
ex. 
*Adams, Robert W. (Lt., U.S.N.R.), P. O. Box 664, Reseda, Calif. 
Adler, Joseph L. (Eastern & Foreign Mgr., Independent Exploration Co.), gor Esperson 
Bldg., Houston.2, Tex. 
Affleck, James (Geomagnetic Interpreter, Gulf Res. and Dev. Co.), P. O. Drawer 2038, 
Pittsburgh 30, Pa. 
*Agee, F. H. (Seis. Party Chief, National Geophysical Co.), 123 S. Greenwood St., 
Lebanon, Tenn. 
Agocs, William B. (Grad. Ass’t. in Physics, Lehigh University), 940 Broadway, Bethle- 
em, Pa. 
Aiken, Charles B. (Consulting Engineer), Plaza Hotel, Houston, Tex. 
Alber, Log” (Operator), Geop. Dept., International Pet. Co., Negritos via Talara, 
Peru, S. A. 
Albright, E. G. (St/Sgt/T, U. S. Army), 103 Reliance Rd., Souderton, Pa. 
—_ E. D. (Geophysicist, National Geophysical Co.), 3412 Caruth Blvd., Dallas 5, 
ex. 
Aldredge, R. F. (Geophysicist), Tropical Oil Co., Aptdo. 3533, Bogota, Colombia, S. A. 
*Alexander, Warren A. (U. S. Army), Present address unknown. 
Allen, Frank T. (Seismic Interpreter, Gulf Res. and Dev. Co.), Box 2038, Pittsburgh 


30, Pa. 
Allon, Michael (Geophysicist), c/o Gulf Res. & Dev. Co., P. O. Drawer 2038, Pitts- 
burgh 30, Pa. 
Alvarez, Manuel, Jr. (Consultant, Petroleos Mexicanos), Nogal 52, Mexico City, D. F. 
—_ O. W. (Chief of Party), Box 591, c/o Stanolind Oil & Gas Co., Tulsa 2, 
a. 
Antes, Leland L. (Eng. Science and Management Defense Training, U. S. Office of 
Education, Univ. of Texas), 2405 Red River, Austin, Tex. 
Arick, M. B. (Capt., U. S. Army Air Corps), 211 North A St., Midland, Tex. 
Arnett, R. D. (Supervisor, National Geophysical Co.), 3405 Colgate, Dallas 5, Tex. 
cae Kingsland (Gravity Computer, Magnolia Pet. Co.), P. O. Box goo, Dallas 1, 
ex. 
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